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I. INTRODUCTION 
Much emphasis in recent soil and water conservation re­
search is being placed on the study and evaluation of various 
factors involved in the process of soil erosion by water. One 
primary purpose of such research is the development of a uni­
versal soil-loss equation to enable soil conservation workers 
to estimate the probable soil losses, under a given combination 
of conditions, and consequently to enable fhem to establish 
conservation plans and practices to minimize soil erosion 
losses. 
An important factor in the evaluation of soil erosion 
is the soil factor itself, which takes into account the in­
herent characteristics of the soil determining its erodibility. 
Much more research needs to be done to completely understand 
the actual physical and chemical properties which determine 
the erodibility of a given soil, although much work in the past 
has established certain properties as being consistently im­
portant. 
The soil factor, as presently proposed for use in the 
soil-loss prediction equation, is based on data for certain 
"benchmark" soils obtained from soil and water loss plots at 
various locations in the eastern United States. Other soils 
are then related to these benchmarks on the basis of related 
properties to determine their relative erodibility factors. 
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However, plot data used to derive the soil erodibility 
factors have been limited. Also lacking has been the oppor­
tunity to check these plot data against actual field conditions. 
This study deals with three genetically- and morphologically-
related, loess-derived soils in southwestern Iowa on which 
erosion losses have always been a severe problem. An attempt 
has been made to evaluate the slope-erosion relationships for 
the three soils in the field, and to verify them by laboratory 
studies. The specific objectives of the study are as follows: 
(a) To determine the present surface soil depth-slope re­
lationships on the cultivated loess-derived Monona, 
Marshall, and Sharpsburg soils in southwestern Iowa. 
(b) To evaluate the use of various methods for determining 
surface soil depth, especially the use of organic car­
bon analysis, in order to study slope-erosion relation­
ships on the Monona, Marshall, and Sharpsburg soils. 
(c) To determine the relative erosion which has occurred 
over time due to cultivation, and the influence of 
various slope characteristics upon this erosion on 
the Monona, Marshall, and Sharpsburg soils. 
(d) To study the relative erodibility of the Monona, 
Marshall, and Sharpsburg soils under controlled con­
ditions with simulated rainfall, and to investigate 
possible factors related to their erodibility. 
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II. REVIEW OF LITERATURE 
A. Soil and Slope Factors Affecting Soil Erodibility 
Two factors of great importance in the development of 
soil-loss prediction equations are the effects of soil and of 
slope characteristics on the relative erodibility of different 
soils. 
Many of the earlier attempts to define soil properties re­
lated to erosion began around 1930. Baver (1933) presented a 
general equation which expressed erosion as directly propor­
tional to the absorptive capacity of the soil for water, the 
permeability of the profile, and the size of soil particles. 
In comparing the non-erosive Davidson clay with the erosive 
Iredell soil, Lutz (1935) found the differences in erodibility 
were due largely to the greater degree of aggregation of the 
finer fractions in the Davidson soil into large, porous, stable 
granules which resisted dispersion and permitted more rapid 
percolation of water through the profile. 
Other workers attempted to combine these factors into 
various parameters to describe the relative erodibility of soils. 
Middleton (1930) was able to distinguish three erosive from 
three non-erosive soils by the use of an "erosion ratio", a 
dispersion ratio which measured the ability of aggregates to 
remain stable, the ratio of colloid content to moisture equiva­
lent, and the silica-sesquicxide ratio. Bouyoucos (1935) 
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found a clay ratio, sand plus silt content divided by clay 
content, to give similar results as compared to the erosion 
ratio when used in a study of the Marshall and Shelby soils in 
southwestern Iowa. These same ratios were also used by Peele 
(1937), and more recently by Mehta et al. (1958) in India, 
among others for describing the relative erodibility of soils. 
A number of studies based largely on experimental plot 
data have been made to establish relative erodibility indices 
for various soils under specified environmental and management 
conditions. A widely used set of tables developed by Browning 
et al. (1947) have been applied in soil conservation planning 
on Iowa soils. Each of these "Browning factors" was given a 
range of values in relation to its effect on erosion losses. 
The product of the different factors gives an estimate of the 
expected soil loss for any selected set of conditions. For the 
soil factor, Browning used Marshall silt loam as a benchmark 
soil with a value of 1.00, and gave Sharpsburg a value of 0.82. 
After summarizing 5 to 15 years of data from 19 research 
stations, Musgrave (1947) evaluated a set of erosion factors 
quantitatively, including rainfall, degree and length of slope, 
vegetal cover, and soil characteristics, from which he estimated 
the relative erodibility of several soils. A "rational erosion 
equation" was established by Smith and Whitt (1948) for use in 
Missouri which employed tables of soil loss factors set up for 
the variables of crop rotation, degree and length of slope, 
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and conservation practices, as well as a soil type factor. 
However, for the soil type factor, they had no data available 
for direct comparisons. 
Another soil-loss equation was established in Illinois by 
Van Doren and Bartelli (1956), in which their soil factors were 
evaluated by determining the reduction in yield by loss of one-
inch of surface soil depth on a given soil. 
Most recently, a universal soil-loss equation has been de­
veloped from data collected from 45 locations in 23 states and 
compiled at Purdue University (Olson, 1961). In determining 
the soil factor (K) for a given soil, the characteristics af­
fecting the erodibility of that soil were considered. Accord­
ing to Bender and Eikleberry (1961), the assumptions were made 
in determining this soil factor that erodibility decreased with 
an increase in grade and size of structure, amount and size of 
coarse fragments, increase in organic matter content, and in­
crease in ability of underlying material to take in water. The 
authors presented K-values for 41 local soils using the measured 
values of 5 soils as benchmarks. Among these was Marshall with 
a value of 0.33 and Monona with 0.26. 
The K-factor was also discussed by Olson (1961) and Klinge-
biel (1961). These authors define the soil erodibility factor 
(K) as the average soil loss per unit of rainfall-erosion index 
from a clean-cultivated, fallow plot on a 9% slope, 72.6 feet 
in length. Soil loss tolerance factors were also calculated 
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for each soil to indicate the maximum permissible annual soil 
loss which still allows maintenance of a high level of produc­
tivity over a long period of time. 
The second important factor affecting soil erosion being 
considered in this study is the slope factor. Many studies 
have shown that soil loss and runoff increase with an increase 
in percent slope. In an early study, Duley and Hays (1932), 
using sprinkled field plots, found that runoff increased rapidly 
up to 3% slope, then increased at a slower rate on steeper 
slopes. Erosion increased gradually up to 4% slope, more rapid­
ly up to 7-8%, and at a still greater rate on steeper slopes, 
while the amount of water required to remove 1 pound of soil 
decreased rapidly from 1 to 10% slope. 
Zingg (1940) coded the data available at that time on the 
effects of both length and degree of slope on erosion and run­
off. From these data, he derived an equation which expressed 
erosion in tons per acre as the 1.4 power of the degree of slope 
and the 1.6 power of the slope length. Musgrave (1947) found 
total erosion losses proportional to the 1.35 power of the de­
gree of slope and the 0.35 power of slope length in a later 
study. 
In a review of erosion studies at LaCrosse, Wisconsin, 
Hays et al. (1949) found that for average storms, percent run­
off increased slightly with percent slope, but noted no effect 
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of percent slope on runoff in intense storms. Soil loss in­
creased with percent slope regardless of length. Increases in 
slope length showed no great effect on runoff, although there 
was a tendency for percent runoff to be higher on shorter length 
slopes. Soil loss, however, increased with length of slope re­
gardless of percent slope. These workers found no apparent re­
lationship between length and percent slope. Their explanation 
of greater soil losses on longer slopes agrees with that given 
by Stallings (1953). He states that the energy of surface flow 
concentrates and is greater on longer slopes, thus causing the 
greatest soil loss at the bottoms of slopes. 
In the soil loss equation presented by Van Doren and Bar-
telli (1956), 1.5 was used as the slope exponent. For slope 
length, an exponent of 0.38 was used for lengths up to 200 
feet, and 0.60 for lengths over 200 feet. 
The most recently-derived value for the slope exponent is 
that used in the universal soil-loss equation, as reported by 
Wischmeier et al. (1958). Their data on the slope length ex­
ponent show it to vary considerably in magnitude from year to 
year as well as between locations. It is also affected by an 
interaction effect of slope length and soil type. However, they 
recommend using 0.5 as the slope length exponent in the north-
central region. They also report that limited data show that a 
parabolic curve best describes the percent slope-erosion rela­
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tionship on slopes under 20%, rather than an exponential ex­
pression as thought previously. 
Besides slope degree and length, other slope characteris­
tics have been shown to influence erosion. Shape, aspect, and 
position on slope all have been reported in connection with 
erosion. 
One of the earliest studies was by Bain (1896), in which 
he discusses slope shape-erosion relationships on Wisconsin and 
Kansan drift in central Iowa. He states that convex slopes are 
the normal "curves of erosion", while deposition occurs on con­
cave slopes. 
Smith _et aJL. (1945) found that shape of slope was important 
on erosion on Shelby soils in Missouri. They noted that, in 
general, when the land area was concave across slope, it was 
also concave with slope; similar relations were noted for con­
vex slopes. They concluded, therefore, that runoff will tend 
to concentrate on concave slopes, and spread on convex slopes. 
This results in temporary deposition in the central and lower 
parts of concave areas, often removed later by gully formation. 
Convex slopes were observed to erode more uniformly and were 
less subject to gully formation. 
Sobolev (1947) found the same relationships of shape of 
slopes to erosion in Russia, and suggested that the sequence of 
shapes on a slope may often have greater influence than degree 
or length of slope. His data show that on convex-concave se-
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quences, severe erosion occurs on the convex portion, with de­
position on the concave portion. On concave-convex sequences, 
however, he noted severe erosion on both segments, increasing 
downwardly. In a study of some soils in western Iowa, Aandahl 
(1948) found both the vertical and horizontal curvatures of a 
slope, as well as aspect, to be important in influencing soil 
profile characteristics. 
Investigating the effect of slope aspect on climatic fac­
tors influencing plant growth in southern Iowa, Aikman (1941) 
found the greatest contrasts between east- and west-facing 
slopes. West-facing slopes had the highest average soil and 
air temperatures and exhibited the driest microclimate. 
B. Properties of the Monona, Marshall, and Sharpsburg 
Soils Affecting Their Erodibility 
In studying the morphology and genesis of the loess-
derived soils in southwestern Iowa, Hutton (1947) concluded 
that the Missouri River valley was the loess source for these 
soils. Sampling from crests of broad divides along a northwest 
southeast traverse across this area, he found coarser, thicker 
parent material deposited nearest the source. The loess thick­
ness varied from 1,379 inches near the source to 95 inches at 
a distance of 171 miles to the southeast. Mechanical analyses 
also showed an increase in clay accumulation, an increase in 
a>. 
percent clay in the zone of maximum accumulation, and this zone 
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occurring at greater depths with distance from the source. 
Maximum clay contents were 30.4% in Monona, 33.0% in Marshall, 
and 34.3% in Sharpsburg profiles. Hutton attributed this ap­
parent increase in intensity of development or greater "ef­
fective age" with thinner loess to wind fractionation of the 
parent material, and differences in weathering due to differ­
ent lengths of time of deposition. 
In a later paper, Hutton (1550) suggested that within 50 
to 60 miles of the loess source, sorting of parent material was 
the dominant soil-forming factor, while beyond 60 miles, the 
effective time of weathering was the dominant factor. 
In a study of the level soils in the same area, Ulrich 
(1949) found increasing horizon development along a similar 
traverse. This was indicated by ; increased formation, movement 
and accumulation of fine clay, increased clay content in the 
horizon of maximum accumulation, increased volume weight, de­
creased aeration and total porosity, and decreased permeability. 
Cultivated profiles had greater volume weight, less aeration 
and total porosity, and reduced permeability of the surface 
horizons relative to virgin profiles. 
Ruhe (1954), however, later disputed the earlier concept 
that loess-thickness, and the related properties of particle-
size distribution and depth of leaching of carbonates, varied 
exponentially with distance from the Missouri River. In a 
detailed study of developing Monona and Marshall profiles in 
11 
the same area, his data indicated that loess deposition and 
profile development was greatest on the crests of divides and 
progressively decreased down the flanks, both toward and away 
from the loess source. This indicated possible differences in 
soil properties on flanks relative to crests of divides. 
Daniels (1957) later strengthened this concept with weathering 
data showing a Marshall profile developed on a stable crest 
dated at 14,000 to 16,000 years of age, while a Monona profile 
developed on a "Recent" surface of a dissected valley slope was 
dated at about 6,800 years. 
Because of the erosion problems on the cultivated Monona, 
Marshall, and Sharpsburg soils, much data have been collected on 
their profile properties that may be related to their erodi­
bility. A comprehensive description of the properties of the 
Marshall soil on the Clarinda, Iowa erosion experiment farm is 
given in two reports by Middle ton ert al. (1932, 1934). Because 
of a large percent of total colloid being extractable by centri-
fuging from the Marshall, and a high percentage of material 
suspended after dispersion, he characterized Marshall as easily 
erodible. However, he found no definite relationships between 
these properties and the actual erosional behavior of the soils 
studied. 
In order to study differences in erosion and infiltration 
on the Marshall and Shelby soils, Swanson and Peterson (1940) 
studied thin sections of undisturbed profiles with a petro-
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graphic microscope. They found more large pore-spaces and ag­
gregates in the Marshall surface than in the Shelby, and noted 
that this porous condition carried deeper in the Marshall pro­
file. Wilson et. ii-L* (1946) rated Sharpsburg as relatively sus­
ceptible to erosion and surface-sealing on the basis of a high 
dispersion ratio, even though it had a high percentage of non-
capillary pores and thus was relatively permeable. His data, 
agreeing with earlier studies, showed an increase in clay con­
tent of soil profiles with distance from the Missouri River 
loess source. Shrader (1950) also showed an increase in surface 
and subsoil clay content from the Marshall to the Sharpsburg 
profiles. 
Data from a report by the Lincoln Soil Survey Laboratory 
Staff (1959) show the effect of topography on properties of non-
cultivated Monona profiles. They found that with an increase 
in percent slope, the solum became thinner, the zone of car­
bonate accumulation occurred closer to the surface, surface pH 
increased, there was less organic matter with depth, and the 
ratio of coarse to fine silt increased. On cultivated samples, 
pH increased and organic matter decreased in the surface with 
increasing percent slope. Differences between the cultivated 
and non-cultivated profiles increased as slope became steeper. 
Aggregation and porosity were shown to be important factors 
in the resistance of the Marshall soil to erosion by several 
writers, including Musgrave (1935), and Wilson and Browning 
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(1945). Wilson ert al. (1947) and Gish and Browning (1948) 
demonstrated that soil and crop management have a great influ­
ence on the stability of the aggregates found in the Marshall 
soil. 
C. Organic Matter Content of the Soil Profile as 
an Index of Surface Soil Depth and Erosion 
Numerous workers have shown surface soil depth to be highly 
infl uence d by slope char act eri stic s-, incl uding Conr ey and 
Burrage (1937) in Ohio, and Murray e_t al. (1939) in Iowa. 
Odell (1950) found that surface soil depth decreased with slope 
due to the influence of slope on local erosion, and moisture 
relations and soil development processes. However, in most of 
these studies, surface soil thickness was estimated by visual 
observation, which was found by Englestad et al. (1961) to be 
of limited accuracy on cultivated Monona and Marshall soils due 
to mixing of the surface and subsoils, especially on steeper 
slopes. Visual estimation of surface soil depth is especially 
unsatisfactory on the Monona, Marshall, and Sharpsburg soils 
due to the lack of a marked textural change between the A and 
B horizons. 
Organic carbon or organic matter content of the surface 
soil was found definitely related to topographic characteristics 
by Walker and Brown (1936). Uhland (1940) found organic matter 
content decreased with length and percent slope on Marshall 
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soils, and Aandahl (1948) noted similar results on virgin 
Monona samples. Englestad et al. (1961) found a high correla­
tion between organic carbon content of the surface soil with 
visual estimates of surface soil depth, and a significant de­
crease with percent slope. In an earlier study, Uhland (1949) 
also used organic carbon analyses as a check on surface soil 
depth measurements on Marshall soils, and found a decrease in 
depth of 8 inches from virgin sites to adjacent cultivated 
sites. 
Slater and Carleton (1938) concluded that erosion caused a 
loss of organic matter from Marshall soils amounting to about 
0.002% per ton of soil loss. Nearly the same erosion loss was 
found later by Free (1946) on a Honeoye soil in New York. Free 
(1946, p. 214) states in this paper : 
To some extent, then, determinations of organic 
matter should provide indices of the amount of past 
erosion. Obviously, there must be some consideration 
of the other factors known to affect soil organic 
matter. 
The greatest factors affecting soil organic matter content 
other than erosion are cultivation and the past and present 
cropping systems on the soil. A large number of studies have 
proven that once a virgin prairie soil is put into cultivation 
it becomes subject to losses of organic matter both by erosion 
and oxidation. Alderfer and Merkle (1941) showed that deteri­
oration of structural stability and permeability occurred with 
a decrease in organic matter content by cultivation. Salter 
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and Green (1933) presented data on the effect of cropping sys­
tems on the organic carbon content of cultivated soils which 
indicated an exponential decrease with time. 
Sixty years of cropping on non-erosive prairie soils in 
Missouri were found in a study by Jenny (1933) to have decreased 
soil organic matter content by 38%. During the first 20 years, 
25% had been lost, and after 50 years, the organic matter level 
had become stable at the lower equilibrium level. Later, in a 
study on the Marshall soil in Iowa, Johnston ejt al. (1942) 
found a 16% decrease in organic matter content by 10 years of 
cropping to continuous corn. Continuous bluegrass, however, 
maintained the original organic matter level as well as a great­
er number of larger-sized aggregates. Van Bavel and Schaller 
(1950) obtained similar results over a 19-year period on the 
Marshall soil. They noted a decrease in organic matter content 
from 3.35% to 2.95% over 19 years of continuous corn, while a 
corn-oats-meadow rotation maintained approximately the original 
level and twice as many large-sized aggregates. Soil losses 
also decreased when changing from continuous corn to the rota­
tion. 
In a comparison of virgin and cultivated profiles of Iowa 
soils, Anderson and Browning (1949) found a decrease in the 
percentage and stability of aggregates greater than 1 mm., an 
increase in volume weight, a decrease in permeability, and a 
decrease of about 33% in organic matter content due to cultiva-
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tion. About the same decrease in organic matter was found in 
a similar comparison of paired virgin and cultivated Marshall 
and Sharpsburg profiles in Iowa by Thompson et al. (1954). 
Most of the studies have shown a rapid decrease in organic 
matter content in the first several years of cultivation, later 
becoming relatively stable regardless of cropping systems. 
Earlier workers promoted the use of heavy green manure crops 
to increase the organic matter status. Although this decreased 
soil erodibility, many later studies have shown little effect 
on the organic matter content of most soils. Browning e£ al. 
(1948) emphasized this fact in a study on Marshall soils where 
additions of up to 64 tons per acre of organic matter over a 
3-year period gave only slight increases in organic carbon 
content of the surface soil. Stauffer ejt al. (1940), in a long­
time study on the Morrow plots in Illinois, showed that only 
very high fertility treatments maintained a fairly high level 
of organic matter in the surface soil, while neither rotation 
nor fertility treatments affected the organic matter status be­
low 9 inches in the profile. Similar observations on the rela­
tive stability of the organic matter content of surface soils 
were made by Andharia et. al* (1953), and Stauffer (1957). 
The failure of heavy additions of green manure to increase 
organic matter levels in the soil was explained by several 
authors as due to the increased oxidation losses of native soil 
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organic matter by additions of fresh residue. This accelerated 
decomposition was observed in studies in Iowa by Broadbent 
(1947) on Marshall soils, and Hallam and Bartholomew (1953) on 
Monona soils ; although Pinck and Allison (1951) found oxidation 
losses due to additions of fresh residue to be minor in labora­
tory studies. 
In a more recent study, Sutherland et al. (1961) found 
that total carbon analyses of the 0-6 and 6-12 inch layers of 
Edina soil in southern Iowa indicated an increase in organic 
matter levels when high rates of nitrogen were applied to con­
tinuous corn as compared to continuous corn check plots. Levels 
of organic matter in rotation corn plots were found to be in­
termediate between the highly fertilized and check continuous 
corn plots over a five-year period. 
D. Studies of Infiltration and Erosion under Natural 
and Simulated Rainfall Conditions 
A primary factor determining the erodibility of a given 
soil is its characteristic infiltration capacity, or the maxi­
mum rate at which water can enter the soil surface. Schiff and 
Dreibelbis (1949), in a study of the relationships between in­
filtration and surface runoff, concluded that runoff rarely 
occurs if available storage space in the topsoil is not ex­
hausted by total infiltration, except where surface sealing oc­
curs to reduce this storage space. In their study, as in many 
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others, a vegetative cover was found essential to maintain a 
high infiltration rate at the surface. The importance of the 
infiltration capacity of soils in relation to their erodibility 
is also discussed by Musgrave (1935) in a study on the Marshall 
soils in Iowa. 
Musgrave and Free (1936) found that infiltration rates 
could be modified greatly by changes in porosity, soil moisture, 
and vegetative cover, but soil type appeared to be the dominant 
factor. However, Duley and Kelley (1939) found less variation 
in infiltration rates among soil types than among different 
surface conditions on a single soil. Using a field sprinkler, 
they found infiltration rates were initially high and then de­
creased rapidly to a constant rate. Musgrave and Free (1936) 
found the same results on the Marshall soil, only with a slight 
downward trend over a long application period. 
Free et al. (1940) studied 68 soils using a rainfall simu­
lator. They found a definite association of infiltration with 
non-capillary porosity, degree of aggregation, organic matter 
content, and amount of clay in the subsoil, all of which were 
factors affecting pore size. Adams et al. (1958) used a porta­
ble rainfall simulator-infiltrometer to compare the erodibility 
of several Iowa soils under standard conditions. Of the soils 
compared for wash erosion losses, Marshall was the most erosive, 
losing 1.20 tons per acre with a 2-inch rain. 
Using rainfall intensity and runoff rate data, Bertoni =rt 
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al. (1958) employed graphical hydrograph analysis to determine 
the infiltration rates on Marshall silt loam plots on a 9% 
slope. They found the initial infiltration rates for 10 storms 
averaged 0.79 inches per hour, and the average final rate was 
0.21 inches per hour. Infiltration rate and total infiltration 
also were found to increase with slope length due to water 
being on the surface for a longer time. Swartzendruber and 
Huberty (1958) found an equation expressing infiltration as a 
function of time raised to the 0.50 power to be accurate for 
short-term infiltration. 
The formation of a surface seal on cultivated soils by 
raindrop impact has been found by many workers to be a major 
factor in reducing infiltration rates, and increasing runoff 
and erosion. Two important soil properties affecting surface 
sealing and splash erosion were found by Ellison and Slater 
(1945) to be a high clay content and a high percentage of ag­
gregates of the less than 0.10 mm. size fraction. 
In a study on New York soils, Free (1952) showed that com­
paction by raindrops extended to a depth below the surface seal 
or crust. He found the volume weight of the crust to be 1.39, 
and that of the soil below the crust to be 1.1. The crusts 
formed by rainfall impact averaged 1.5 cm. in thickness. 
Klingebiel and OtNeal (1952) noted that the thickness of 
crusts varied with cropping history of the soil, being thinner 
on soils which had been in grasses and legumes at least one-
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fourth of the time, and were also thicker on level land than 
on slopes. They found that the permeability of the crusts was 
only one-third that of the soil below, thus preventing water 
absorption on sloping soils, causing runoff and erosion. 
In a study of the physical properties of natural surface 
crusts, Lemos and Lutz (1957) found they had higher bulk densi­
ties, higher percentage of particles less than 0.10 mm. in di­
ameter, and a lower degree of aggregation than the underlying 
soil. 
Mclntyre (1958) used a rainfall simulator to form surface 
crusts on soil samples, and studied their physical properties. 
Upon microscopic examination, he found the crust was composed 
of two parts : a 0.1 mm. thick "skin seal" formed by the rain­
drop impact, and a 2 mm. thick "washed-in" layer of decreased 
porosity formed by plugging of the larger pores with washed-in 
finer material. Mclntyre calculated the permeabilities of each 
layer, and found the surface skin was as effective in decreasing 
infiltration as a washed-in layer of 10 times its thickness. 
This study also revealed that the washed-in layer was usually 
absent or negligible on virgin soils which, therefore, had only 
a surface skin present to affect infiltration. The underlying, 
cultivated soil was found to be 200 times more permeable than 
the washed-in layer, and 2000 times more permeable than the 
surface skin. These differences were even greater on virgin 
soils studied. 
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III. EXPERIMENTAL METHODS AND PROCEDURES 
The soils included in this study are the Monona, Marshall, 
and Sharpsburg silt loam soils which are closely-related Wis­
consin loess-derived Brunizems in southwestern Iowa. 
The Monona soils normally occur on nearly level ridgetops 
and on adjacent flank slopes in the Monona-Ida-Hamburg soil as­
sociation. Monona soils have dark to moderately-dark colored 
surface layers., and medium-textured., moderately permeable, 
yellow-brown subsoils. They are neutral to slightly acid in 
the upper 30 to 50 inches of the profile and contain less clay 
than the Marshall or Sharpsburg profiles. 
The Marshall soils are generally found on nearly level to 
gently sloping ridges and the steeper flank slopes in the 
Marshall soil association. They have more textural B-horizon 
development than Monona soils, but less than Sharpsburg. Mar­
shall soils are medium-textured, moderately permeable, and well-
drained. They are neutral to slightly acid, and contain from 
27% to 35% clay in the B-horizon, increasing from west to east 
in clay content and profile development. 
The Sharpsburg soils occupy similar topographic positions 
in the Sharpsburg-Shelby-Winterset soil association as are oc­
cupied by the Marshall soils in their area of occurrence. They 
are described as dark-colored, medium to moderately fine-textured, 
well-drained, and moderately to moderately slowly permeable. 
All of these soils have as a common problem, a serious 
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erosion hazard. The location of the area studied and the rela­
tive locations of the soil association areas are shown on the 
map in Figure 1. 
More complete profile descriptions of representative 
samples of each soil type used are listed in the Appendix, 
Table 21. 
A. Slope-Erosion Summary from Statistical Soil 
Survey Sample 
Although slope and erosion data have been shown on most 
soil maps for the past 30 years, very little use has been made 
of this information to characterize the erosion that has occurred 
on different soils under cultivation. Recently, a 2 percent 
statistically-drawn sample of all Iowa soils, on which quarter-
section soil maps have been prepared, has been summarized. 
This provided a convenient source for examining how the Marshall, 
Monona, and Sharpsburg soils have eroded in relation to percent 
slope, according to the judgment of the soil surveyors. 
The first step in compiling the data from the soil survey 
samples3- was to summarize all acreages of cropland within each 
slope group of the Monona, Marshall, and Sharpsburg soils. These 
3-The author appreciates the use of the soil survey summary 
data as compiled by the soil scientists of the Soil Conservation 
Service, U.S.D.A., and the Soil Survey Staff, Agronomy Depart­
ment, Iowa State University (Project 1191). 
Figure 1. Map of southwestern Iowa showing location of area 
included in study (Shaded portions were areas in 
which samples were taken for Surface Soil Depth 
and Indoor Rainfall Simulator Studies.) 
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acreage figures were taken from a summary by soil association 
areas in order to minimize any possible variation that may re­
sult from climatic differences. These total cropland acreages 
were then classified as to slope group and erosion class for 
each soil, in order to obtain an overall summary of the dis­
tribution of the land within each soil type. 
From this summary of total acreages mapped, only slope 
groups which contained over 35,000 acres in the expanded sample, 
i.e. more than 700 acres actually mapped, were used to develop 
comparisons between the soils as to degree of erosion and per­
centage of cropland moderately or severely eroded within each 
slope group. 
B. Surface Soil Depth and Erosion Study 
1. Sampling procedure for cultivated samples 
In order to determine the present surface soil depth rela­
tionships to degree of slope, samples of cultivated Monona, 
Marshall, and Sharpsburg soils were collected from various 
counties in southwestern Iowa as shown in shading on the map 
(Figure 1). 
Numerous samples of complete Marshall, Monona, and Sharps­
burg profiles were already available from corn yield study sites* 
*The author wishes to express appreciation to Dr. L. C. 
Dumenil, Agronomy Department, Iowa State University for making 
the soil profile samples from the Corn Yield Study (Project 
1377} available for use in this study. 
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established by the Agronomy Department, Iowa State University, 
in the shaded counties shown in Figure 1. These sites were all 
located on the quarter-section statistical soil survey samples 
referred to in the preceding section. These quarter-section 
samples have been randomly located at three locations in each 
township of each county. Within each quarter-section sample, 
one corner was selected at random, and the final site location 
was fixed by drawing two coordinates to represent the distance 
in feet in two directions from the selected corner. All random 
selections were made from the set of random numbers by Snedecor 
(1956, p. 10). The site was then judged for uniformity of soil 
type, and the soil profile described and sampled by genetic 
horizons. The surface horizon sample was a composite of 12 to 
15 smaller samples taken in the plot area. Each sample was 
collected in a moisture-proof bag and labeled by depth and site 
number. In addition to the profile description, information re­
corded for each site included the following: location, date, 
percent slope, aspect (direction), configuration or shape of 
slope, and erosion class. 
These samples were of great value in this study because of 
the detailed profile descriptions and information on slope 
characteristics which were essential in the surface soil depth 
and erosion measurements as discussed later. Also, the detailed 
information obtained on the cropping, management, and conserva­
tion history for each of these sites was very useful in inter­
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preting data obtained from organic carbon content analyses. 
Since the Marshall, Monona, and Sharpsburg samples ob­
tained from the corn yield study were selected at random, the 
slope measurements of these sites followed a normal distribu­
tion. Therefore, the major portion of these sites had slopes 
falling into the 5 to 9% slope group, with few having slopes on 
either the slight or steep extremes of the slope range. In 
order to obtain à sufficient number of samples from the entire 
range of slopes for each soil, a set of supplementary samples 
was taken in the fall of I960. 
The supplementary samples were collected from the same 
general area as previously described. However, the sampled 
sites were located within the central part of each soil asso­
ciation in order to eliminate samples from the transition areas 
between soil associations, and to ensure the samples being more 
representative of that given soil type. Also, the area sampled 
was limited to a one-county wide belt in a general west-to-east 
direction, following the approximate pattern of loess deposition 
as proposed by Button (1947). 
The Monona samples were taken largely from the western part 
of Pottawattamie County, in addition to samples already avail­
able from corn yield study sites in Harrison, northwestern Shelby, 
eastern Monona, western Crawford, and Woodbury counties. The 
Marshall samples were taken largely from the western half of 
Cass County, and the eastern two columns of townships in 
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Pottawattamie County. The Sharpsburg samples were selected 
from Adair County. 
Most of the supplementary sites were selected from the 
statistical soil survey quarter-sections in the area, the same 
as the corn yield study sites. However, in the case of the 
supplementary sites, a stratified sampling technique was used 
to select sites from slopes over the entire slope range for 
each soil. Fifteen quarter-sections were randomly selected from 
each sampling area. From Soils Data Determination sheets, which 
list all individual soil-slope-erosion mapping units in a given 
quarter-section, a list was compiled of all mapping units of 
the given soil type. These units, after being numbered, were 
then grouped by slope groups, and 11 units were randomly se­
lected from each slope group from which samples were needed to 
fill out the range. 
In selecting the final sampling site, the chosen mapping 
units were located on an aerial photo soils map. If the site 
location was in close enough proximity to a farmstead to be af­
fected by high manure applications, or had some unusual location 
features, it was discarded and a new mapping unit redrawn. After 
satisfactory sites were selected, each site was located in the 
field with the aid of the soils map, and the area judged for 
uniformity of soil type, erosion, slope and cropping. Only 
sites which were in cropland were selected. 
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After the sampling area was found to meet all restrictions, 
the sample was taken from the approximate center of the area 
with a soil probe. Separate samples were taken of the 0-6 and 
6-12 inch depths, and were made up of a composite of 15 to 20 
subsamples which were taken over approximately a 50 by 50 foot 
area. After thorough mixing and sub-sampling, the samples were 
placed in moisture-proof bags and were taken to the laboratory 
and placed in cold-storage until the analyses were made. 
At each site, careful measurements of the degree of slope 
were made with a clinometer. The soil probe was pushed into 
the soil to the 6-inch depth and the handle used as a target. 
Duplicate slope readings were made, from above and below the 
site. Also, at each sample site, information was recorded on 
the position on the slope (top, center, bottom), slope shape 
(convex, straight, concave), slope aspect, and estimated surface 
soil depth. A list of this information, along with the location 
of each site, is listed in Tables 22 and 23 in the Appendix. 
2. Sampling procedure for virgin samples 
In order to establish the original depth of the surface 
soil in relation to degree of slope, samples were collected from 
"virgin" or relatively undisturbed sites within the same area 
sampled for the cultivated samples. Approximately 14 virgin 
samples were collected for each soil type. Sites were selected 
mainly from the undisturbed shoulders of roadcuts, railroad 
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cuts, cemetaries and from old, abandoned country school yards. 
All of the sites were first sampled with a soil probe to deter­
mine if the profile appeared to be undisturbed. Also, the 
presence of heavy bluegrass sod and types of native prairie 
species such as wild rose, little and big bluestem were noted 
as indications that the sites were relatively undisturbed by 
past cultivation. 
The 0-6 and 6-12 inch depths were sampled at each virgin 
site and placed in moisture-proof bags for cold-storage until 
later analysis. On 4 sites each within the Marshall and Sharps­
burg soil areas, and 2 sites in the Monona area, profile samples 
were collected to provide a measure of virgin organic matter 
distribution with depth. These sites were sampled at 3-inch 
increments to 18 inches, and 6-inch increments from 18 to 30 
inches. All of the profile samples were located on abandoned 
country school yards, since these areas were platted out in the 
original township survey of the region, and were presumably 
never under cultivation up to the present time. The sites 
sampled were all selected on the tops of gently-rounded, broad 
ridges of 1 to 3% slope. These sites were assumed to have suf­
fered little or no soil loss due to erosion. 
3. Laboratory determination of organic carbon content 
As a measure of surface soil depth, the organic carbon 
content of the 0-6 and 6-12 inch samples from each site was 
determined, along with all depths of the profile samples obtained 
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for the virgin samples, and those obtained from the corn yield 
study sites. The organic carbon content was determined by the 
dry combustion method as described by Black (1957) for the de­
termination of total carbon. Briefly, this method consists of 
mixing a sample of soil with Mn02 and igniting in an electric 
furnace at about 950°C. A stream of Og is passed through the 
furnace to aid oxidation and sweep out the combustion products. 
The gases resulting from this combustion are passed through 
granulated Zn to absorb acids other than CO2, and through H2SO4 
and anhydrous Mg(C104)2 to remove water. The COg from the ig­
nited sample is then absorbed in a solid NaOH-asbestos mixture 
contained in an absorption tube. The tube is weighed after 
each sample, with the increase in weight resulting from the CO2 
from the sample. 
In this study, a 1-gram soil sample was used due to the 
high organic carbon contents of most of the virgin samples. 
The total carbon measured by this method was assumed to be 
organic carbon only, since inorganic carbon and carbonates were 
not present in these profiles to the depths sampled. Question­
able samples were checked with a pH-meter and with 0.10 N HCl to 
verify the absence of carbonates. 
C. Indoor Rainfall Simulator Study 
Samples of Monona, Marshall and Sharpsburg topsoils were 
subjected to simulated rainfall under controlled indoor condi­
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tions to obtain data on relative rates of soil loss, infiltra­
tion and runoff. 
1. Sample collection and preparation 
Samples for the rainfall simulator study were obtained from 
3 different sites for each soil type, which were located in a 
north-south orientation in the approximate center of each soil 
association area. The site locations were again selected from 
the quarter-section soil survey samples before going to the 
fields. All of the sites were restricted to broad, level ridge-
tops of 1 to 3% slope which were relatively uneroded, and 
presently in the second year of corn. 
The sites were then located in the field, and topsoil 
measurements made with a soil probe to determine that the site 
was relatively uneroded and that a sufficient layer of topsoil 
was present for sampling purposes. Information on the cropping 
and management history for the past several years was obtained 
for each site. In some cases, sites were relocated to an ad­
jacent quarter-section to satisfy the criterion of 2nd-year 
corn. The locations, crop histories, and slope measurements of 
each site are listed in Tables 22 and 23 of the Appendix. 
After the site location was established, duplicate 6-foot 
long plots about 30 inches in width were leveled off between 
adjacent corn rows, removing about 1^ inches of topsoil to as­
sure a smooth, level surface. The ends of each plot were dammed 
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with soil and the plots were flooded with water twice to ensure 
saturation of the surface 3 to 6 inches. The plots were covered 
with plastic film to prevent re-wetting by rainfall, and left 
undisturbed for 48 hours so as to reach approximate field 
capacity in the soil surface. 
After the 48-hour period, bulk density samples were taken 
of the surface soil on each plot. The top 3 inches of soil were 
removed in large blocks with as little disturbance as possible, 
and placed in plastic-lined boxes for transportation to the 
laboratory. At the same time, samples were taken over the plot 
area of the soil profile in 3-inch increments to the 18-inch 
depth, and 6-inch increments from 18 to 30 inches. 
In the laboratory, the samples were passed through an 8-mm. 
screen while still approximately at field capacity, and allowed 
to dry in trays to about 5 to 9% moisture by weight.1 
2. Studies of infiltration and erosion under simulated rainfall 
The air-dry and processed soil samples were thoroughly 
mixed, and representative sub-samples were packed carefully in 
thin layers in the sample pans of the indoor rainfall simulator 
to approximate field bulk density. The construction and opera­
tion of the simulator is described in detail by Mutchler and 
^The suggestions for the sample collection and preparation 
procedures were made by Dr. W. C. Moldenhauer, Agricultural Re­
search Service, U. S. Dept. Agr., Agronomy Dept., Iowa State 
University, Ames, Iowa. 
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Moldenhauer (ca. 1962). Below the soil in the sample pan was a 
layer of fine glass beads which were saturated with distilled 
water. A tension of 11 cm. of Hg was maintained on the beads 
with a manostat connected in a vacuum line throughout the fol­
lowing simulated rainfall run. 
After the soil was placed in the sample pans, air per­
meability measurements were made on the dry soil by means of an 
air permeameter, as described by Grover (1955). Soil moisture 
samples were also taken of the soil used in each pan prior to 
the beginning of the simulated rainfall. 
The sample pans were then placed on a 4% slope, and sub­
jected to simulated rainfall for 90 minutes, at an intensity of 
about 2.50 inches per hour. Plate 1 shows the indoor rainfall 
simulator as set up for use. The times that runoff and perco­
lation were first observed were recorded for each sample pan. 
Runoff and soil loss samples were collected for each 5-minute 
interval after the initial 15-minute interval. These runoff and 
sediment samples were collected in sample jars containing about 
1 gram of alum to facilitate flocculation and settling of the 
sediment. 
Percolate passing through the bottom of the sample pans 
was collected in large flasks connected into the vacuum line, 
and the volume measured at the end of 60 minutes and 90 minutes. 
Immediately following the 90-minute rainfall period, air 
permeability measurements were again made of the surface seal 
Plate 1. Overall view of rainfall simulator with soil pan and 
splash interceptor frame, jars for collecting runoff 
and soil loss samples, rain gauges, collector bottle 
for percolated water, vacuum system, manostat, and 
timer (Photo courtesy of Dr. W. C. Moldenhauer) 
Please Note: Pages 36 and 137 are not 
original copy. They tend to "curl". 
Filmed best way possible. 
University Microfilms, Inc. 
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formed on the soil, and the soil below the seal. Soil moisture 
samples of the top f inch and of successive 1-inch increments 
of the entire soil layer were also collected from each pan. 
The runoff and sediment samples were allowed to settle for 
24 hours, at the end of which the volume of runoff was measured 
and carefully poured off. The sediment was then oven-dried for 
48 hours and weighed to determine the soil loss for each 5-
minute interval. 
The final run on the rainfall simulator was made on a 
sample of Sharpsburg and one of Monona. Following this run, no 
air permeability or moisture measurements were made on the soil 
in the sample pans in order to leave the surface seals intact 
for subsequent observations. The tension of 11 cm. of Hg was 
left connected on the bottoms of the sample pans, and they were 
removed from the simulator and placed in a level position. A 
250-watt infra-red heat lamp was then placed over each sample 
pan at a height of 18 inches from the soil surface, and an os­
cillating fan was directed on the samples to aid in drying out 
the soil surface. The temperatures on the soil surfaces ini­
tially were 85°F. on Pan A (Monona) and 83°F. on Pan B (Sharps­
burg). 
The pans were left under the heat lamps and fan overnight 
for a period of 16 hours to ensure complete drying of the soil 
surface, simulating drying conditions following a rain during 
the summer months in the field. The following morning, ob-
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servations were made of the soil surface conditions. At this 
time the surfaces were completely dried and temperatures direct­
ly on the surface measured 94.5°F. on the Monona, and 101.5°F. 
on the Sharpsburg. With the tension still intact, the sample 
pans were replaced on the rainfall simulator. Another run was 
made on the crusted samples under a 2.50 inch-per-hour intensity 
rain, with runoff and infiltration samples being collected at 
5-minute intervals for 90 minutes. Observations again were 
made of the time at which runoff and percolation began on each 
sample, and of the time required for the cracks in the surface 
crust to reclose and form a smooth surface, seal. 
Following this run, the sample pans were removed from the 
rainfall simulator, and the tension released from the samples. 
The samples were then left undisturbed for 60 days to ensure 
complete drying of the soil. Following this drying period, 
photographs and observations were made of the surfaces of each 
sample. The layer of glass beads in the bottom of each sample 
pan was then re-saturated with distilled water, and the sample 
pans again subjected to 11 cm. (Hg) of tension. The rainfall 
simulator procedure was repeated in identical manner to the pre­
vious run, after which the sample pans were removed, and 
measurements made of the air permeability of the crust and un­
derlying soil, as well as the moisture content of each layer. 
Sub-samples of the same soil material used in the rainfall 
simulator runs were split into smaller portions and used for 
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subsequent particle size distribution and aggregate analyses. 
The particle size distribution analyses were made with a 
modification of the Kilmer and Alexander (1949) method. In 
this modification, the samples were pre-treated with 5 ml. of 
0.05 N acetic acid to prevent interference of manganese in the 
oxidation of the organic matter in the sample by the H^O^ 
treatment. Also, the dispersing agent used in this procedure 
was a Na-metaphosphate (Calgon) solution composed of 35.7 g. 
of Calgon and 7.9 g. of anhydrous NagCOg per liter of solution. 
Sedimentation times for removal of the aliquots by a pipette 
were based on a specific gravity of 2.61. 
The aggregate analyses were based on the determination of 
the change in mean weight diameter of the soil aggregates in 
samples subjected both to dry and wet-sieving treatments. The 
procedure used was based on the method described by De Boodt 
et al. (1961). However, for the pre-wetting treatment prior to 
wet-sieving, the samples were wetted under vacuum in a desicca­
tor, rather than by dripping and incubation as used in the 
De Boodt method. 
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IV. RESULTS AND DISCUSSION 
A. Slope-Erosion Summary from Statistical 
Soil Survey Sample 
The total acreages of cropland for the Monona, Marshall 
and Sharpsburg soils, as expanded from the summary of the 
statistical quarter-section soil survey samples, are classified 
by slope group and erosion class in Table 1. The erosion 
classes? as used by the Soil Conservation Service soil surveyors 
in Western Iowa, designate surface soil depth remaining as fol­
lows: erosion class 0 = more than 14 inches, 1 = 7 to 14 
inches, 2 = 3 to 7 inches, and 3 = less than 3 inches. 
Table 1. Acres of cropland of Monona, Marshall, and Sharpsburg 
soils classified by slope group and erosion class 
Slope Monona silt loam Marshall silt loam 
group Erosion class Erosion class 
(% slope) 0-1 2 3 0-12 3 
0-2 2,474 - - 23,814 
2-5 70,502 18,787 768 214,942 32,966 164 
5-9 45,964 103,912 5,217 77,135 192,608 5,634 
9-14 15,757 132,958 32,613 39,060 382,872 62,908 
14-18 6,166 47,296 29,528 2,090 18,052 15,756 
18-25 1,215 7,981 7,124 - 691 1,598 
25* 152 1,352 1,180 -
Sharpsburg silt loam 
0-2 9,431 
2-5 247,997 10,701 
5-9 78,454 213,330 840 
9-14 3,774 72,972 522 
14-18 749 
41 
The table shows a definite trend as each successively 
steeper slope group has a larger percentage of the total acreage 
of cropland falling in higher or more severe erosion classes. 
This is true for all three soil types, and indicates a definite 
relationship of decreasing surface soil thickness with increas­
ing percent slope. 
It can also be seen from Table 1, that the Monona soils oc­
cur on a wider range of slopes than the other soils, with some 
acreages listed above 25% slope. The Sharpsburg has the most 
limited slope range, with only 749 acres of the expanded sample 
falling in the 14 to 18% slope group. 
Using only those slope groups which contained more than 
35,000 acres in the expanded sample (or more than 700 acres 
actually mapped in the 2% sample) in order to eliminate small 
and non-representative acreages, the percentage of cropland that 
was moderately or severely eroded (Class 2 or 3 erosion) was 
calculated for each slope group for each soil type. These re­
sults are presented in Tables 2 and 3. 
Table 2. Percentage of cropland in each slope group classed 
as severely eroded (Class 3 erosion) 
Slope group Soil series 
(% slope) Monona Marshall Sharpsburg 
"Ô-2. 
2-5 
5-9 
9-14 
14-18 
18-25 
0.90 0.07 
3.37 2.05 0.29 
17.99 12.97 0.68 
35.58 
42 
Table 3. Percentage of cropland in each slope group classed 
as moderately eroded (Class 2 erosion) 
Slope group Soil series 
(% slope) Monona Marshall Sharpsburg 
0-2 
2-5 
5-9 
9-14 
14-18 
18-25 
It is apparent from Table 2 that the percentage of severely 
eroded soil increases with increasing slope on all three soils. 
It is also apparent that there are differences among the soils 
in percentages of land in a given slope group that have less 
than 3 inches of surface soil remaining, with Monona having the 
largest percentage and Sharpsburg the least. 
Table 3 presents the percentages of land within each slope 
group for the three soils which are moderately eroded (Class 2 
erosion), or have from 3 to 7 inches of surface soil remaining. 
By combining these data with that in Table 2, it becomes quite 
apparent that erosion has increased, or surface soil depth has 
decreased rapidly with increasing slope on each soil series. 
Although differences among the soils are again indicated by the 
Class 2 erosion data, these differences are less distinct than 
for the Class 3 erosion. 
To provide a better basis for comparison of the effect of 
slope on surface soil depth on the three soils, weighted average 
erosion indices were calculated for each slope group, as shown 
20.85 
67.00 
73.33 
57.00 
13.29 
69.94 
78.98 
4.14 
72.90 
94.44 
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in Table 4. These weighted indices were computed by summing 
the products of the number of acres of a given soil within each 
erosion clsss times the respective erosion index, and dividing 
this product sum by the total number of acres represented. The 
erosion indices in this table, therefore, represent the average 
degree of erosion per acre for any given soil and slope group. 
Table 4. Average weighted erosion indices by slope groups 
Slope group Av. % Soil series 
(% slope) slope Monona Marshall Sharpsburg 
0-2 1.0 — — — 
2-5 3.5 1.226 1.134 1.041 
5-9 7.0 1.737 1.740 1.735 
9-14 11.5 2.093 2.049 1.957 
14-18 16.0 2.282 
The weighted erosion indices again indicate decreasing 
surface soil depth with increasing slope on each soil. Dif­
ferences are again noticed among the soils within a given slope 
group, as shown in the 2-5% slope group. Here, the Sharpsburg 
is shown to have slightly more surface soil remaining than 
either Marshall or Monona. However, these differences are 
relatively slight, especially for the 5-9% slope group, indi­
cating about the same average surface soil thickness for all 
three soils within this slope range. On the 9-14% slopes, 
Monona again averages the thinnest in surface soil depth with 
an index of 2.093, Marshall next, and Sharpsburg being slightly 
the highest in surface depth with an index of 1.957. 
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This summary of soil mapping data, therefore, indicates 
that surface soil depth decreases with increasing percent slope 
on all three soils. There also appears to be differences among 
the soils in surface soil thickness within a given slope group, 
with Sharpsburg having the most surface depth present, Marshall 
intermediate, and Monona the least. 
These types of data, based on soil survey erosion classes, 
are a readily available source of information for most soils on 
the effects of slope on surface soil thickness. It is possible 
to get a reasonably good indication of the situation at the 
present as to depths of surface soil remaining on different 
soils from this type of study. However, in most cases, little 
can be determined about past erosion on these soils under culti­
vation, since these data give no indication of the original 
surface soil depth on the various slopes. Furthermore, the 
erosion classes recorded on soil maps are based on visual ob­
servations and estimates of surface soil depth present. In 
cultivated soils, much mixing has occurred in the surface making 
visual estimation difficult in many cases ; and on steeper slopes, 
where the subsoil encroaches into the plow-layer"and becomes 
mixed with the surface horizon, visual estimation is especially 
difficult, if not impossible. 
An additional serious disadvantage of using erosion classes 
in slope-erosion studies is the broad range of surface soil 
depths represented in each class. Class 1 erosion includes a 
range of 7 inches, Class 2 erosion includes a 4-inch range, and 
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Classes 0 and 3 include all depths above 14 inches and below 3 
inches (including actual losses of subsurface horizons). Due 
to these disadvantages, it does not appear feasible to use 
erosion class values as measures of surface soil depth in any 
detailed study of slope-erosion relationships. 
B. Surface Soil Depth and Erosion 
Study 
1. Organic carbon content of the surface as an index of 
surface soil depth 
Analyses of organic carbon content were made on both 0-6 
and 6-12 inch layers of all the soil samples collected, in order 
to measure the surface soil depth more accurately than by 
visual means. The organic carbon content of the surface layers 
of the cultivated samples of each soil were used to indicate 
the present surface soil depth and its relationship to percent 
slope. 
Englestad et al. (1961) found correlation coefficients of 
0.66** and 0.72**, respectively, between organic carbon contents 
of the 0-6 and 6-12 inch layers of Monona and Marshall soils 
and visually estimated surface soil depths.^ In this study, 
the organic carbon content of the 0-12 inch layer was found to 
have correlation coefficients of 0.66**, 0.77**, and 0.84**, 
respectively, to the depth of the A-horizons as measured by soil 
^One (*) and two (**) asterisks denote significance at the 
5% and 1% levels of probability, respectively, and shall be 
used as such throughout this manuscript= 
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scientists in Monona, Marshall, and Sharpsburg profiles. 
The change in organic carbon content as a function of 
percent slope is shown for the Monona, Marshall, and Sharpsburg 
cultivated soils in Figures 2, 3, and 4, respectively. The 
changes in organic carbon in the 0-6 and 6-12 inch layers, and 
the overall 0-12 inch layer are indicated in each figure. The 
organic carbon content of the 6-12 inch layer apparently de­
creases more rapidly with slope than in the 0-6 inch layer, 
especially in the Marshall and Sharpsburg soils. This may be 
due to the increasing encroachment of the 6-12 inch layer on 
the C-horizon material as slope becomes steeper. Another prob­
able cause for this difference in rate of decrease is that the 
effect of any additions to the soil of plant residues or manure 
would be largely confined to the plow layer. High correlations 
were found, however, between the organic carbon contents of the 
two layers on each soil (0.81**, 0.75**, and 0.83** for the 
Monona, Marshall, and Sharpsburg, respectively). The average 
organic carbon content for the 0-12 inch layer was used through­
out this study as the best measure of surface soil depth. The 
regression of organic carbon content of this layer with slope 
is indicated on each figure. The analyses of variance for these 
regressions are shown in Table 5. 
As shown in Figure 5, all three soils show a significant 
decrease in organic carbon content in the 0-12 inch layer with 
an increase in percent slope. Also, as is indicated by the 95% 
Figure 2. Regressions of organic carbon content on percent slope for 0-6, 6-12, 
and 0-12 inch layers of cultivated Monona soils 
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Figure 3. Regressions of organic carbon content on percent slope for 0-6, 6-12, 
and 0-12 inch layers of cultivated Marshall soils 
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Figure 4. Regressions of organic carbon content on percent slope for 0-6, 6-12, 
and 0-12 inch layers of cultivated Sharpsburg soils 
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Figure 5. Regressions of organic carbon content of 0-12 inch layer on percent 
slope for cultivated Monona, Marshall, and Sharpsburg soils 
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Table 5. Analyses of variance for regressions of organic 
carbon content of 0-12 inch layer on percent slope 
for cultivated Monona, Marshall, and Sharpsburg 
soils 
Source of variation d.f. S.S. M.S. F 
Monona 
Regression 
Deviations from regression 
Deviations from mean 
1 
63 
6? 
4.16 
5.61 
9.77 
4.16 
0.09 
46.74** 
Marshall 
Regression 
Deviations from regression 
Deviations from mean 
1 
68 
69 
2.66 
8.19 
10.85 
2.66 
0.12 
22.13* 
Sharpsburg 
Regression 
Deviations from regression 
Deviations from mean 
1 
55 
56 
2.42 
5.21 
7.63 
2.42 
0.09 
25.56** 
confidence belts on each regression, the soils differ signifi­
cantly in organic carbon content below 8% slope, but tend to 
become more equal at steeper slopes. Sharpsburg shows signifi­
cantly more organic carbon content than Marshall soils up to 
about 8% slope, and Marshall in turn is significantly higher 
than Monona up to about 15% slope, as shown by overlapping con­
fidence belts. Although t-tests show no significant differences 
among the b-values of the regressions of the three soils, it 
appears that the Sharpsburg may be decreasing in surface soil 
depth at a slightly greater rate with slope than the Marshall 
and Monona. This is indicated by the tendency shown for the 
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surface depths of the three soils to converge to approximately 
equal values at the steeper slopes. Since the Sharpsburg soils 
occur mainly on slopes of less than about 14 to 15%, most 
statements made of comparisons between soils will apply to this 
slope range. 
The presence of the least organic matter in the Monona, an 
intermediate amount in the Marshall, and the most in the Sharps­
burg surface soil is in agreement with the findings of Ulrich 
(1949) and Hutton (1950). Their studies also showed an increase 
in total nitrogen and in the carbon-nitrogen ratio of the sur­
face layer in the same direction. Accompanying this, is an 
increase in clay content and volume weight, and a decrease in 
aeration and total porosity and in subsoil permeability. Base 
exchange capacity also reaches a maximum in the Sharpsburg. 
Riecken and Smith (1949) point out that the moisture-holding 
capacity of the Monona may be slightly low for optimum plant 
growth, due to its fairly rapidly permeable subsoil. They give 
Sharpsburg and Marshall soils slightly higher corn productivity 
ratings than the Monona, as do Shrader et aJL. (I960) in a more 
recent study. This would indicate a slightly higher capacity 
for production of organic matter by the Sharpsburg soils. 
Somewhat slower decomposition rates of the organic matter pro­
duced would also be expected to result from the lower aeration 
porosity and higher clay content of the Sharpsburg profile. 
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2. Organic carbon content of the surface as an index 
of erosion 
The regressions of organic carbon on slope on the culti­
vated soils indicate only the present status of surface soil 
depths. In order to determine the extent of erosion losses of 
surface soil, some benchmark must be available to estimate the 
original surface soil depths. For this purpose, the same re­
lationships of organic carbon and slope were studied on the 
virgin samples of these same soils. The regressions of organic 
carbon on slope for the 0-12 inch layers of the virgin Monona, 
Marshall and Sharpsburg soils are shown in Figure 6. 
Although the slopes of the regressions of % organic carbon 
on slope were not significantly different among the three virgin 
soils, there again appears to be a trend of a greater rate of 
decrease in surface soil depth with slope on the Marshall and 
Sharpsburg, than on the Monona. There were significant differ­
ences in the elevations of the three regressions, as indicated 
by an F-test of deviations of the adjusted means from the re­
gression (Snedecor, 1956, p. 398). The deeper surface soil 
layer on the Sharpsburg than on the Monona virgin soils is in­
dicated in other studies as well. However, the location for the 
regression for the Marshall soil below that of the Monona was 
unexpected and may not be a realistic difference, especially 
since other soil properties would indicate that the Marshall 
should be intermediate between the Monona and Sharpsburg in 
surface soil depth. 
Figure 6. Regressions of organic carbon content on percent slope for the 0-12 inch 
layer of virgin Monona, Marshall, and Sharpsburg soils 
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The difference in organic carbon content of the 0-12 inch 
layer of the virgin and cultivated samples for a given soil was 
used as an index of soil erosion loss over time due to cultiva­
tion. In order to use this difference as an index, however, it 
was necessary to make several assumptions. Before the extent 
of the organic carbon difference due to erosion can be evaluated, 
a correction must be made to account for oxidation of the 
native organic matter due to cultivation. As indicated by pre­
vious studies (Jenny, 1933, Salter and Green, 1933, and Alderfer 
and Merkle, 1941), this oxidation proceeds most rapidly during 
the first years after a virgin soil is put into cultivation. 
Gradually, an equilibrium is reached at a lower, stable organic 
matter level. 
In order to estimate the oxidation losses of organic carbon 
in the three soils, it was assumed that there was no erosion 
on the 0-1% slope of either the cultivated or virgin soils. 
Therefore, the average difference in organic carbon content of 
the virgin and cultivated sites from these level positions would 
be caused largely by oxidation losses due to cultivation. The 
average oxidation loss as computed for all three soils was 
27.58% in the 0-6 inch layer, 7.73% for the 6-12 inch layer, 
and 19.24% for the overall 0-12 inch layer. These results 
agree with those of Anderson and Browning (1949) and Thompson 
et al. (1954) whose studies indicated approximately a 33% de­
crease in organic matter in the 0-6 inch layer due to cultiva-
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tion. The average oxidation percentage for the 0-12 inch layer 
for all three soils appeared to give the best estimate, and was 
used to adjust that layer in the cultivated soils for losses of 
organic carbon due to cultivation. 
The second assumption made in comparing the differences in 
erosion on the three soils, was that the long-time cropping 
history was similar among the three soils over the approximately 
60 to 80-year period during which these soils have been under 
cultivation. Although this assumption would be virtually im­
possible to verify, present cropping patterns indicate no sig­
nificant differences in cropping intensities among the different 
slope groups of the soils in this area, as was concluded by 
Sutherland and Shrader (1956). Also, a summary of the cropping 
history information for the sites listed in Table 23 in the 
Appendix, shows an average crop rotation containing 50% row 
crops predominating on all three soils. 
In order to express the amount of erosion in actual inches 
of soil lost, rather than in the loss in organic carbon, it was 
necessary to study the distribution of organic carbon with depth 
in undisturbed profiles. In this way, a given organic carbon 
content of a cultivated surface could be correlated to a given 
depth in an uneroded profile, and the inches of surface removed 
could then be calculated directly. The average organic carbon 
distribution from four virgin profiles of each soil are shown 
in Figure 7= These profiles *=vere all selected from sites on 
Figure 7. Organic carbon distribution with depth in uneroded 
virgin profiles of Monona, Marshall, and Sharpsburg 
soils 
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0-1% slopes which were relatively uneroded, thus having es­
sentially the entire original surface intact. The organic 
carbon contents at each sampling depth for the individual pro­
files are shown in Table 25 in the Appendix. 
It can be observed that all three soils have somewhat 
similar amounts of organic carbon present in the immediate sur­
face on these uneroded sites. However, the organic carbon 
content in the Monona profile decreases more rapidly with depth 
than in the other soils. The organic carbon distribution is 
quite similar in the Marshall and Sharpsburg profiles, with both 
showing a rather uniform rate of decrease throughout the depths 
sampled. Similar organic carbon distributions were found in 
other studies on these soils, (Aandahl, 1948, Ulrich, 1949, and 
Daniels, 1957). At about the 24-30 inch depth in the profile, 
all three soils are about equal in organic carbon content. 
Using the undisturbed profiles as benchmarks, an attempt 
was made to determine inches of erosion on the cultivated soils 
by matching the organic carbon content of the cultivated 0-12 
inch layers with given depths in the uneroded profiles. This 
was done graphically as shown in Figures 8, 9, and 10. After 
adjusting for oxidation losses by increasing the values of or­
ganic carbon in the cultivated samples by 19.24%, the regres­
sions of organic carbon in the 0-12 inch layer on slope for the 
cultivated soils were superimposed on those for the virgin soils. 
In some cases, slight adjustments were required to match the two 
F figure 8. Regressions of organic carbon content (0-12") on slope for virgin 
and cultivated Monona samples, indicating depth of erosion with 
slope 
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Figure 9. Regressions of organic carbon content (0-12") on slope for virgin and 
cultivated Marshall samples, indicating depth of erosion with slope 
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Figure 10. Regressions of organic carbon content (0-12") on slope for virgin and 
cultivated Sharpsburg samples, indicating depth of erosion with slope 
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regressions at zero percent slope. Regressions of organic 
carbon on slope at 1-inch increments in the virgin profiles 
were assumed to have the same slope as that of the surface 0-12 
inch layer. For clarity, it should be emphasized that the 1-
inch increments correspond to the surface 12-inch layer being 
moved down through the profile one inch at a time. For example, 
the regression marked (1") corresponds to the 1-13 inch layer 
in the virgin profile, the (2") regression corresponds to the 
2-14 inch layer, etc. 
The intersection of the cultivated regression by a virgin 
regression for a given depth, therefore, denotes the loss of 
that depth of surface soil due to erosion. It can be noted 
from Figure 8 that the Monona is shown to have lost 1 inch of 
soil at a slope of about 4.5%, while Figure 10 indicates a 1-
inch loss on the Sharpsburg at about 3.5% slope. Similarly, on 
slopes of about 16.5%, the Monona has lost 4 inches, as compared 
to 5 inches on the Sharpsburg. This indicates that the Sharps­
burg has lost more surface soil due to erosion than the Monona 
at any given slope. This method fails to give similar results, 
however, when applied to the Marshall soil, due to the abnormal­
ly steep slope of the regression of the virgin Marshall soils. 
This causes the virgin regression to become nearly parallel to 
the cultivated regression, and thus indicates very little ero­
sion loss, as shown in Figure 9. 
Thus, several weaknesses are indicated with the use of 
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surface organic carbon content as an index of erosion over time 
on these soils. One of the primary disadvantages of this method 
is that it depends upon the organic carbon content of the sur­
face and assumptions concerning it. Because the surface organic 
carbon content can show short-term variations due to recent 
cropping, fertility, and management conditions, it is not as 
stable an index as would be desired. Differences in past man­
agement that may cause some variations among sites are also very 
difficult to evaluate accurately. Another factor which may 
prove important as a weakness in the use of surface organic 
carbon as an index of erosion is the need to adjust the present 
organic carbon content for oxidation losses. Since erosion is 
based on the differences between virgin and cultivated samples, 
an error in this oxidation adjustment may prove critical in the 
evaluation of the final results. 
Finally, the assumption that the slopes of the regressions 
of organic carbon content on percent slope remain the same as 
the 12-inch layer is moved down through the profile may not be 
valid in all cases. A slight change in the slope of the virgin 
soil regressions with depth could alter the graphical results 
as presented. 
The surface organic carbon content, therefore, can provide 
a fairly accurate measurement of the present surface soil thick­
ness and its relationship to slope characteristics on these 
soils. However, fairly accurate means of evaluating original 
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organic carbon content and oxidation losses and additions over 
time are needed for it to be used as a reliable index of erosion 
losses. 
3. Depth to 0.90% organic carbon as an index of erosion 
Because of the disadvantages of using surface organic car­
bon content as an index of erosion, it was felt that a more 
stable benchmark within the profile was desirable. After ex­
amining the organic carbon distribution with depth in both cul­
tivated and virgin soil profiles, the depth to 0.90% organic 
carbon was chosen as a reference point for two reasons. First, 
this level is located deeply enough in most profiles on normal 
slopes to be relatively stable and uninfluenced by short-term 
fluctuations of organic carbon in the surface caused by addi­
tions and losses of crop residues and manure. Secondly, in most 
of the profiles, it occurs above the inflection point in the 
organic carbon-depth curve, below which the organic carbon con­
tent becomes fairly constant with depth. Below this point, a 
small error in organic carbon measurement would cause a large 
error in the depth reading. 
From the distribution of organic carbon with depth in the 
profile samples available, measurements were made of the depth 
in each profile at which the 0.90% organic carbon level occurred. 
This was done both for cultivated soils to determine the present 
relationships of this depth to slope, and for virgin samples to 
determine the original depth on different slopes. In order to 
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obtain a more accurate comparison of differences in erosion on 
the Monona, Marshall, and Sharpsburg soils, it was decided to 
study them most critically in the 0-10% slope range. Sharps­
burg soils occur generally in the 0-12% slope range, as compared 
to the Monona soils which occur on slopes as steep as 30%. 
Also, the 0-10% slope range is the most significant agronomical-
ly, since intensive cropping is generally recommended only for 
slopes within this range on these soils. 
In order to get the best fit on points within the 0-10% 
slope range on each soil, linear and curvilinear regressions of 
the depth to 0.90% organic carbon on slope were calculated for 
the cultivated samples within this range. As shown by the 
analyses of variance in Table 6, a linear regression provides 
the best fit of the data for the cultivated Monona samples, 
while curvilinear regressions give the best fit for the culti­
vated Marshall and Sharpsburg samples. In all cases, a linear 
regression provided the best fit for the virgin samples. 
As can be seen from Figures 11, 12, and 13, the depth to 
0.90% organic carbon generally decreases with an increase in 
slope for all soils. The exceptions are at the upturns of the 
curvilinear regressions on the Marshall and Sharpsburg. This 
may be partially caused by the influence of confounding factors 
such as slope shape and position, as discussed later. This 
slight increase in depth at the steeper slopes may also be par­
tially caused by less intensive cultivation and erosion in the 
Figure 11. Regressions of depth to 0.90% organic carbon on slope for virgin and 
cultivated Monona profiles 
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Figure 12. Regressions of depth to 0.90% organic carbon on slope for virgin and 
cultivated Marshall profiles 
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Figure 13. Regressions of depth to 0.90% organic carbon on slope for virgin and 
cultivated Sharpsburg profiles 
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Table 6. Analyses of variance for regressions of depth to 
0.90% organic carbon on percent slope for culti­
vated Monona, Marshall, and Sharpsburg soils in 
the 0-10% slope range 
Source of 
variation d.f. S.S. M.S. F 
Monona 
Regression 1 259.05 259.05 14.71** 
Deviations from regression 44 774.74 17.61 
Deviations from mean 45 1033.79 
C urvilinearity of 
regression 1 35.28 35.28 2.05 
Deviations from curvi­
linear regression 43 739.46 17.20 
Marshall 
Regression 1 409.23 409.23 18.22** 
Deviations from regression 39 876.12 22.46 
Deviations from mean 4ÏÏ 1285.35 
Curvilinearity of re­
gression 1 138.63 138.63 7.14* 
Deviations from curvi­
linear regression 38 737.49 19.41 
Sharpsburg 
Regression 1 513.56 513.56 29.38** 
Deviations from regression 56_ 979.04 17.48 
Deviations from mean 57 1492.60 
Curvilinearity of re­
gression 1 68.81 68.81 4.16* 
Deviations from curvi­
linear regression 55 910.23 16.55 
past, even though not indicated by present cropping patterns. 
Both Marshall and Sharpsburg show a greater rate of de­
crease in depth with slope than the Monona up to about 6% slope. 
Using the difference between the virgin and cultivated regres­
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sions as a measure of depth of surface lost due to erosion, it 
is apparent that erosion has increased faster with slope on the 
Marshall and Sharpsburg soils than on the Monona up to 6% 
slope. At this point, which is the approximate mean slope for 
all samples in this slope range, surface erosion losses of 4.3 
inches, 6.8 inches and 5.0 inches are graphically indicated for 
Monona, Marshall and Sharpsburg soils, respectively. 
On the steeper slopes, the regression for the cultivated 
Marshall and Sharpsburg approaches that of the virgin sites, 
actually intersecting it in the case of the Marshall. This 
appears unrealistic and is apparently due to the increasing 
value of the squared term in the quadratic regression equation. 
A higher order regression may eliminate this upturn, causing 
the regression to approach a more constant level beyond the 8% 
slope. 
4. Multiple regression analysis 
Because of the possibility that other factors may be in­
fluencing the effect of slope on surface soil thickness, a 
multiple regression analysis* was made of the data available on 
all slopes for each soil. This was done primarily to study the 
effect of percent slope on the surface soil depth independently 
of the confounding effects of other slope characteristics. In 
*The multiple regression analysis was conducted and inter­
preted with the assistance of Dr. Foster B. Cady, Statistics 
Department, Iowa State University of Science and Technology, 
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addition, it was of interest to study the independent effects 
of these other factors on surface soil thickness for use in 
interpretation of the slope-erosion relationships on each soil. 
In these analyses, the data from all slope ranges of each soil 
were used rather than for the 0 to 10% slope range only. 
The slope characteristics for which information had been 
obtained for all sites sampled included; percent slope, aspect, 
shape of the slope, and position on the slope, as shown in 
Table 22 in the Appendix. All of these characteristics have 
been found in previous studies to have some effect on erosion, 
as was discussed in the review of the literature. In addition 
to these slope characteristics, the location of the site was 
included in the analysis because of possible differences in 
erosion patterns within a given soil association area. This 
may be expected in comparisons of samples from opposite sides 
of a soil association area within this region, because of the 
gradual transition from minimal to maximal development of the 
soil profiles in the direction away from the loess source. 
Climatic differences among locations may also show an effect, 
although these appeared minor within the area studied, as is 
indicated by the long-time monthly averages for precipitation 
and temperature for various locations throughout southwestern 
Iowa shown in Table 7. There is a slight trend for higher 
rainfall from northwest to southeast, but these differences 
appear to be slight within a given soil association. Other 
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possible locational effects on erosion may be differences in 
management and cropping systems between local regions. 
Table 7. Average long-time monthly precipitation and tempera­
tures at various stations in the southwestern Iowa 
study area3. 
Month Station and county location 
Denison Harlan Logan Atlantic Corning Greenfield3 
(Crawford) (Shelby)(Harrison) (Cass) (Adams) (Adair) 
Average monthly precipitation (inches) 
Jan. 0.84 0.93 0.93 1.07 0.81 0.97 
Feb. 0.89 0.97 0.91 0.96 0.86 1.08 
Mar. 1.46 1.67 1.68 1.92 1.65 2.08 
Apr. 2.50 2.71 2.63 2.74 2.62 2.67 
May 3.49 3.46 3.42 3.67 3.72 4.00 
June 5.20 4.79 4.74 5.06 4.57 5.35 
July 3.51 3.16 3.37 3.35 2.49 3.27 
Aug. 3.42 3.85 3.59 4.58 3.84 4.24 
Sept. 2.90 2.98 2.56 3.05 3.26 3.31 
Oct. 1.78 1.73 1.86 2.06 1.81 2.21 
Nov. 1.20 1.36 1.32 1.60 1.42 1.53 
Dec. 0.59 0.76 0.78 0.88 0.73 1.06 
Total 27.78 28.37 27.79 30.94 27.78 31.87 
Average daily temperature (°F.) 
Jan. 20.2 21.4 21.5 22.0 23.5 — 
Feb. 24.0 25.7 26.0 26.1 27.3 -
Mar. 34.4 36.0 36.6 36.0 37.0 -
Apr. 48.9 50.3 50.9 50.2 50.6 -
May 60.2 61.5 61.9 61.0 61.3 -
June 70.1 71.3 71.7 71.1 71.3 -
July 75.7 76.5 77.0 76.5 76.8 " -
Aug. 73.1 74.0 74.6 73.9 74.2 -
Sept. 64.8 65.9 66.3 65.6 66.5 -
Oct. 53.6 54.4 54.9 54.4 55.3 -
Nov. 36.4 37.5 37.6 37.7 38.9 -
Dec. 25.0 26.3 26.4 26.4 27.7 -
Av. 48.9 50.1 50.5 50.1 50.9 -
aData compiled from long-time averages published by U.S. 
Weather Bureau in Climatological Data, Iowa, vol. 73, 1962, Super­
intendent of Documents, Government Printing Office, Washington, 
D. C. 
^Long-time temperature records are not available from the 
Greenfield station. 
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Some of the variables had to be expressed in suitable nu­
merical terms for inclusion in the regression analyses. In 
cases where the variables were descriptive in nature, it was 
necessary to code them numerically after ranking the values for 
that variable according to increasing or decreasing effects on 
erosion as shown by prior knowledge. 
Slope was expressed as percent slope (vertical drop in 
feet per 100 feet of horizontal distance) in the regression, as 
it was throughout this study. Aspect or direction of slope was 
expressed both as the sine and cosine values of the compass 
angle in degrees. This was done because of the probable cyclic 
effect of aspect on erosion. Since studies by Aikman (1941) 
showed the greatest microclimatic contrasts between east and 
west slopes, it might be suspected that plant growth, and in­
directly erosion, would vary between these aspects. Since the 
sine reaches its minimum value (-1.00) to the west, and the 
cosine reaches its minimum to the south, a combination of the 
two in the regression was made to account for minimum surface 
soil depth on any aspect between these two directions. 
Because of the studies showing more severe erosion on 
convex slopes (Smith e£ al_., 1945, Aandahl, 1948), slope shape 
was included as a variable and was coded 0, 1, 2 for convex, 
straight, and concave, respectively. Closely related to shape 
of slope in its effect on erosion is the position on the slope. 
Since convex shapes are usually located towards the top of the 
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slopes, straight slopes in the center, and concave shapes at 
the bottom, these positions were coded 0, 1, and 2 respective­
ly, in the regression analysis. 
In order to enter site location numerically, the legal 
location of each site was listed, in which the township number 
designates the north-south location (increasing to the north), 
and the range number denotes the east-west location (increasing 
to the west), as used in the rectangular survey system. 
Besides these main effects, squared terms for slope, shape 
and position were included to describe; any curvilinear effects 
of these factors. Also, interaction terms of those factors 
which appeared logically related in their effects on surface 
soil depth were included. 
The raw data were submitted to the Iowa State University 
Statistical Laboratory for the computational work, where the 
data was punched on IBM cards and processed through a high­
speed computer to obtain the sums of squares, cross-products, 
and simple correlation coefficients. The sums of squares and 
cross-products of selected X-variates were then punched on 
input cards and the matrix inverted by the computer, which also 
printed out the partial regression coefficients. 
The data for each soil type were computed separately in 
order to determine the independent effects of each variable on 
depth to 0.90% carbon on each individual soil. The variables 
included in the regression analyses; their abbreviations» 
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X-numbers, and models in which they were represented, are 
presented in Table 8. 
Initially, all of the X-variables were included in a model 
called the Complete Model, in order to determine those that 
could be deleted because of little influence on the dependent 
Y-variable. Because of perfect correlation between the X-
variate for shape and its squared term for the Sharpsburg soil, 
preventing inversion of the matrix, the squared term (Xq) was 
deleted from the Complete Model for the Sharpsburg soil. The 
multiple regression equations for the variables included in 
this Complete Model are shown in Table 9. 
Using the data from the Complete Models, several variables 
were deleted for each soil. The criteria used in the deletion 
of variables were mainly the t-tests for the individual partial 
regression coefficients. A variate was retained if its partial 
regression coefficient was equal to or greater than its standard 
error (or, t-test equal to or greater than 1.00). In order to 
make direct comparisons among the three soils, their models 
must contain the same variates. However, upon examination of 
the variates retained for each soil, it was found that none of 
the variates in the Complete Model would be omitted from a 
common model. Therefore, in order to determine the effects of 
those variables which had the most influence upon surface soil 
thickness for each soil, an individual Reduced Model was calcu­
lated for each soil. Each Reduced Model contained only those 
Table 8. Variables selected for regression analyses, their abbreviations, and re­
gression models in which they appear 
X-variates included in the following models: 
Complete Reduced model 
Variable X-variate model Monona Marshall Sharpsburg 
% slope SI Xl Xl Xl Xl 
Aspect-sine value Asp S *2 %2 x2 X2 
-cosine value Asp C X3 x3 x3 
Shape Sh X4 x4 x3 X4 
Position Pos x5 X5 x4 x5 
Location - township T *6 X5 
- range R X? X6 
% slope2 
Shape2 
Position2 
(SI)2 
(Sh)2 
(Pos)2 
Xg 
Xg 
XlO 
X6 X7 x6 
% slope x aspect(sine) SI x Asp S 
*11 
% slope x aspect 
(cosine) SI x Asp C Xl2 
% slope x shape SI x Sh Xl3 x7 X8 
% slope x position SI x Pos Xi4 X7 
Aspect(sine) x shape Asp S x Sh Xl5 X8 X9 
Aspect(cosine) x shape Asp C x Sh Xl6 Xg 
Aspect(sine) x position Asp S x Pos x17 XlO 
Aspect(cosine) x 
position Asp C x Pos Xl8 X9 
Shape x Position Sh x Pos Xj.9 x9 Xll 
Township x Range T x R X20 X12 
89 
Table 9. Multiple regression statistics for the Complete Model 
of depth to 0.90% organic carbon (Y) on all X-
variates 
Variate 
Equation 
Y = a*2biXi s(b£) t 
Significance 
probability 
level 
Monona 
(Constant) -167.89 
SI 
-1.0660 Xjl 0.6790 1.57 0.20 
Asp S +1.0072 X2 2.164 0.46 >0.50 
Asp C -2.6304 X3 2.086 1.26 0.30 
Sh +6.8702 X4 4.238 1.62 0.20 
Pos -1.4559 X5 4.800 0.30 >0.50 
T +2.6131 X6 3.483 0.75 0.50 
R +4.2069 X? 6.956 0.60 >0.50 
SI2 +0.01122 Xg 0.0369 0.30 >0.50 
Sh2 -1.5413 Xg 2.110 0.73 0.50 
Pos2 -0.7360 Xio 1.619 0.45 >0.50 
SI x Asp S +0.07673 Xn 0.2606 0.29 >0.50 
SI x Asp C +0.1950 Xi2" 0.3004 0.65 >0.50 
SI x Sh -0.4471 X13 0.2916 1.53 0.20 
SI x Pos +0.2152 Xi4 0.4831 0.44 >0.50 
Asp S x Sh -1.7740 Xi5 1.123 1.58 0.20 
Asp C x Sh +0.6607 Xi6 1.492 0.44 >0.50 
Asp S x Pos -1.0386 Xi7 1.323 0.78 0.50 
Asp C x Pos -1.2165 Xis 1.761 0.69 0.50 
Sh x Pos +3.0918 Xi9 1.331 2.32 0.025 
T x R -0.05951 X2o 0.0825 0.72 >0.50 
Table 9. (Continued) 
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Variate 
Equation 
$ = a+Zt>iXi s(bi) 
Significance 
probability 
t level 
Marshall 
(Constant) +765.13 
SI -2.8756 Xjl 0.8271 3.48 0.005 
Asp S +2.6906 X2 1.969 1.37 0.20 
Asp C -0.2009 X3 2.628 0.08 >0.50 
Sh +10.708 X4 10.449 1.02 0.30 
Pos +3.5266 X5 4.044 0.87 0.40 
T -8.6046 X6 5.956 1.44 0.20 
R -19.643 X? 12.313 1.60 0.20 
SI2 +0.1419 Xg 0.05646 2.51 0.025 
Sh2 -1.0612 Xg 4.805 0.22 >0.50 
Pos2 -0.7473 X10 1.779 0.42 >0.50 
SI x Asp S -0.2212 Xii 0.2408 0.92 0.40 
SI x Asp C -0.07825 X12 0.2964 0.26 >0.50 
SI x Sh -0.7002 Xi3 0.3876 1.81 0.10 
SI x Pos +0.1481 X14 0.2883 0.51 >0.50 
Asp S x Sh +1.2746 Xi5 1.218 1.05 0.30 
Asp C x Sh -0.8408 X16 1.302 0.64 >0.50 
Asp S x Pos +2.4312 Xi7 1.322 1.84 0.10 
Asp C x Pos +0.6467 X^g 1.279 0.50 >0.50 
Sh x Pos -5.6070 X19 2.695 2.08 0.05 
T x R +0.2278 X20 0.1578 1.44 0.20 
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Table 9. (Continued) 
Significance 
A Equation probability 
Variate Y = a+IbiXj_ s(b^) t level 
Sharpsburg 
(Constant) -55.558 
SI -2.3816 Xx 1.497 1.59 0.20 
Asp S -3.4155 X2 2.804 1.22 0.30 
Asp C -0.09145 X3 3.743 0.02 >0.50 
Sh +0.05260 X4 3.042 0.02 >0.50 
Pos +8.7158 X5 5.627 1.55 0.2-0 
T +1.4799 X6 8.424 0.18 >0.50 
R +2.8079 Xy 19.279 0.14 >0.50 
SI2 +0.1260 Xg 0.1155 1.09 0.30 
Pos2 -0.5303 X1Q 2.903 0.18 >0.50 
SI x Asp S +0.3489 X11 0.4412 0.79 0.50 
SI x Asp C +0.2326 Xi2 0.5807 0.40 >0.50 
SI x Sh -0.2129 Xi3 0.3967 0.54 >0.50 
SI x Pos -0.7708 X14 0.5425 1.42 0.20 
Asp S x Sh -0.1777 X15 1.024 0.17 >0.50 
Asp C x Sh -1.2337 Xi6 1.214 1.02 0.40 
Asp S x Pos +1.2548 X17 1.889 - 0.66 >0.50 
Asp C x Pos -3.6788 X^g 2.565- 1.43 0.20 
Sh x Pos -0.3591 X19 1.269 0.28 >0.50 
T x.R -0o04966 X2q 0.2560 0.19 >0.50 
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variates from the Complete Model for that soil, which had a t-
test of equal to or greater than 1.00. 
The regression statistics for these separate Reduced Models 
were then calculated, and are given in Table 10. Finally, in 
order to test the value of retaining the variables remaining in 
the Reduced Models, as compared to the variables for percent 
slope and its squared term, a third model expressing the depth 
to 0.90% organic carbon as a function of only these two vari­
ables was calculated. The regression statistics of these 
Curvilinear Slope Models for each soil are shown in Table 11. 
Analyses of variance were applied according to Snedecor 
(1956) to determine whether the regression models used account­
ed for a significant portion of the variations in the dependent 
Y-variable, and are shown in Table 12. The P-test indicates 
that all models accounted for a significant portion of the vari­
ation in the depth to 0.90% organic carbon. The R2 values in 
Table 12 indicate the fraction of the variation in the Y-variate 
explained by the Models used. In all cases, it can be seen 
that the R2-values for the Monona soil are lower. This indi­
cates that other factors besides the slope characteristics may 
be important in influencing surface soil depth to a somewhat 
greater extent on the Monona than on the Marshall and Sharps-
burg. 
In order to determine the contribution of the factors 
other than the linear and curvilinear effects of percent slope 
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Table 10. Multiple regression statistics for the Reduced 
Model of depth to 0.90% organic carbon (Y) on se­
lected X-variates 
Significance 
Equation probability 
Variate Y = a+Zb^X^ s(b£) t level 
Monona 
(Constant) +17.121 
SI -1.0491 X1 0.4862 2.16 0.05 
Asp S +0.3202 X2 0.9658 0.33 >0.50 
Asp C -1.5694 X3 0.7905 1.98 0.10 
Sh +2.8764 X4 2.1323 1.35 0.20 
Pos -0.01120 X5 1.2025 0.01 >0.50 
SI2 +0.02074 X6 0.02176 0.95 0.40 
SI x Sh -0.3130 X7 0.2090 1.50 0.20 
Asp S x Sh -1.6343 Xg 0.9498 1.72 0.10 
Sh x Pos +2.1704 Xg 1.1396 1.90 0.10 
Marshall 
(Constant) +847.106 
SI -2.6489 Xi 0.6340 4.18 0.001 
Asp S +1.1788 X2 1.0727 1.10 0.30 
Sh +7.3080 X3 3.4747 2.10 0.05 
Pos +3.2493 X4 0.9908 3.28 0.005 
T -9.4706 X5 5.1275 1.85 0.10 
R -21.917 X^ 10.506 2.09 0.05 
SI2 +0.1329 X7 0.04119 3.23 0.005 
SI x Sh -0.5878 Xg 0.3139 1.87 0.10 
94 
Table 10. (Continued) 
Significance 
probability 
t level Variate 
A Equation 
Y = a+EbjXi s(bi) 
Marshall (continued) 
Asp S x Sh +0.4928 Xç 
Asp S x Pos +2.3985 X^g 
1.0316 
1.2439 
0.48 
1.93 
>0.50 
0.10 
Sh x Pos -4.4618 *11 2.3549 1.89 0.10 
T x R +0.2516 %12 0.1352 1.86 0.10 
Sharpsburg 
(Constant) +25.808 
SI -2.3901 X1 0.9508 2.51 0.025 
Asp S -0.5798 X2 0.8746 0.66 >0.50 
Asp C +0.5538 %3 1.1027 0.50 >0.50 
Sh -1.0052 X4 0.6666 1.51 0.20 
Pos +7.7398 X5 3.3380 2.32 0.025 
SI2 +0.1175 X6 0.06868 1.71 0.10 
SI x Pos -0.8097 X7 0.4240 1.91 0.10 
Asp C x Sh -0.7477 X8 0.9618 0.78 0.50 
Asp C x Pos -3.7153 X9 1.7854 2.08 0.05 
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Table 11. Multiple regression statistics for depth to 0.90% 
organic carbon as a curvilinear function of % slope 
Variate 
^Equation 
Y = a+ZbjXi s(b£) t 
Significance 
probability 
level 
Monona 
(Constant) +16.388 
SI -0.6998 X 0.4424 1.58 0.20 
SI2 +0.003404 X2 0.02103 1.62 0.20 
Marshall 
(Constant) +21.424 
SI -1.3030 X 0.5828 2.24 0.05 
00 
+0.03970 X2 0.03210 1.24 0.30 
Sharpsburg 
(Constant) +27.788 
SI -2.9195 X 0.9045 3.23 0.005 
SI2 +0.14276 X2 0.06828 2.09 0.05 
on the variations in the depth to 0.90% organic carbon, analyses 
of variance were made to determine the reduction in residual 
error by the addition of the extra variates in the Reduced 
Model to the linear and squared slope variates. This analysis 
is presented in Table 13, and indicates that the extra terms in 
the Reduced Models caused a significant reduction in residual 
error for all soils. This indicates that the slope character-
Table 12. Analyses of variance for regression models of depth to 0.90% organic 
carbon on selected X-variates 
Soil Model 
Source of 
variation d.f. S.S. M.S. F R2 
Monona Complete Regression 
Error 
20 
48 
963.85 
1,018.94 
48.19 
21.23 
2. 27* 0.486 
Reduced Regression 
Error 
9 
59 
845.51 
1,137.28 
93.94 
19.28 
4. 87** 0.426 
SI-SI2 Regression 
Error 
2 
66 
522.66 
1,460.12 
261.33 
22.12 
11. 81** 0.264 
Marshall Complete Regression 
Error 
20 
44 
1,426.02 
754.32 
71.30 
17.14 
4. 16** 0.654 
Reduced Regression 
Error 
12 
52 
1,340.69 
839.65 
111.72 
16.15 
6. 92** 0.615 
Sl-Sl2 Regression 
Error 
2 
62 
439.18 
1,741.16 
219.59 
28.08 
7. 82** 0.201 
Sharpsburg Complete Regression 
Error 
19 
34 
809.09 
618.13 
42.58 
18.18 
2. 34* 0.567 
Reduced Regression 
Error 
9 
44 
688.38 
738.84 
76.49 
16.79 
4. 56** 0.482 
Sl-Sl2 Regression 
Error 
2 
51 
521.01 
906.22 
260.50 
17.77 
14. 66** 0.365 
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istics other than percent slope may have a significant influence 
on the depth of surface soil for a given soil. 
In examining the variables included in the Reduced Model 
for each soil and their significance probability levels, those 
having the most influence on surface soil depth for that soil 
over its entire slope range may be distinguished. It is ap­
parent that different factors appear significant for each of 
the three soils. For the Monona, the slope term is the only 
one appearing significant at the 0.05 probability level, thus 
again indicating the uniform decrease in surface soil depth 
over the entire slope range as noted in the 0 to 10% range. 
Figure 14a shows this relationship. 
The Reduced Model for the Marshall soil indicates more 
factors as being significant in their influence on surface 
soil depth. Slope shows a significant curvilinear effect on 
surface soil depth over the entire Marshall slope range, as was 
indicated strongly in the 0-10% slope range. As shown in Fig­
ure 14b, there is, again, a strong indication that the surface 
soil depth reaches a constant level at the steeper slopes, af­
ter decreasing at a fairly rapid rate with increasing slope in 
the lower slope ranges. 
Shape of slope also shows a positive regression on surface 
soil depth on the Marshall, indicating more erosion on convex 
slopes, and less erosion (or possibly, slight deposition) on 
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Table 13. Analyses of variance of reductions in residual 
error due to addition of terms in the Reduced 
Model to the linear and squared terms for percent 
slope 
Soil Source of variation d.f. S.S. M.S. F 
Monona Regression on 
SI and SI2 2 522.66 
Added reduction by 
Reduced Model 7 322.85 46.12 2.39* 
Error 59 1,137.28 19.28 
Marshall Regression on 
SI and SI2 2 439.18 
Added reduction by 
Reduced Model 10 901.51 90.15 5.58** 
Error 52 839.65 16.15 
Sharpsburg Regression on 
SI and SI2 2 521.01 
Added reduction by 
Reduced Model 7 167.37 23.91 2.39* 
Error 44 738.84 16.79 
the concave slopes. This is in agreement with the findings of 
Daniels (1957), who found higher nitrogen contents due to more 
favorable moisture conditions on concave slopes on the Marshall 
soils. Smith et al. (1945) also concur with these observations 
Figure 14. Regressions of depth to 0.90% organic carbon on 
entire range of slopes for Monona, Marshall, and 
Sharpsburg, respectively (using Reduced Model) 
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on the slope shape effects on erosion in studies on the Mar­
shall plots at Bethany, Missouri. 
A significant positive regression was also shown for slope 
position for the Marshall soil. This indicates greater surface 
soil depths on the bottom one-third of the slopes than at the 
top. This may be due to some deposition at the bottoms of 
the slopes as the runoff water decreases in its transporting 
power because of increasing sediment load and slightly de­
creasing slope gradient. It would also be expected that the 
slope shape and position would be highly correlated, with con­
cave shapes at the bottoms of slopes, but this correlation was 
not indicated in this study. 
Depth of surface soil exhibited a negative regression on 
site location by range number on the Marshall, thus increasing 
as one moves east across the Marshall soil association area. 
This supports the observations from the organic carbon content 
data which indicate increasing surface soil thickness from 
Monona to Marshall to Sharpsburg. Thus, as one moves east-
wardly across the Marshall soil association, increasing surface 
soil depth accompanies increasing profile development from the 
minimal to the maximal stage, and coincides with the increase 
in organic carbon in the surface horizon across this traverse 
as found by Ulrich (1949). 
In the Reduced Model for the Sharpsburg soil, fewer fac­
tors appeared to have significant regression coefficients than 
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for the Marshall soil. 
For the Sharpsburg, the negative partial regression co­
efficient for slope again was highly significant, as shown by 
a t-test which was significant at the 2.5% probability level. 
The curvilinear effect of slope, while not significant at the 
5 percent level, did prove to be significant at equal to, or 
less than, the 10% level of probability. Thus, surface soil 
depth was shown to decrease with increasing slope in a slightly 
curvilinear manner, but with a more gradual leveling-off than 
was shown for the Marshall. 
The position on the slope was also an important factor on 
the influence of surface soil depth on the Sharpsburg soil, 
with a highly significant positive partial regression coeffi­
cient. This indicates a similar effect of position on the 
Sharpsburg as was noted on the Marshall, with an increase in 
surface soil depth towards the bottoms of the slopes. Again, 
this may be due somewhat to slight deposition, as the slope 
approaches a gradual decrease in gradient, and a more concave 
shape. 
An interaction term appears to be significant in the 
Sharpsburg model, that of aspect (cosine) x position. This 
variable indicates a significant negative partial regression 
coefficient, and is somewhat difficult to interpret and explain. 
The cosine value of aspect reaches its maximum to the north and 
minimum, to the south. Also, a highly significant positive re­
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gression coefficient is indicated for the position effect on 
surface soil depth. Because of these two conditions, a pos­
sible interpretation of a negative effect for the aspect (co­
sine) x position interaction on surface soil depth may be that 
the increase in surface soil depth towards the bottoms of north 
slopes may not be as great as towards the bottoms of south 
slopes. This would appear logical if erosion was more severe 
on the south slopes, causing more eroded soil to be deposited 
on the lower portions of the slope. Consequently, there would 
be a greater difference in surface soil depth between the top 
one-third or shoulders of the slopes and the bottoms on south-
facing slopes, than on the north slopes where less erosion had 
occurred. 
Thus, slope appeared as a significant factor in all three 
soils, showing a highly curvilinear effect on the Marshall, 
and a slightly curvilinear effect on the Sharpsburg, while 
indicating only a linear effect on the Monona. Surface soil 
depth, therefore, decreases at a gradual rate with increasing 
slope on the Monona, while on the Marshall and Sharpsburg it 
decreases at a greater rate with increases in slope in the 
gentle slope range. 
Surface soil depth follows a significant positive regres­
sion with position on .the Marshall and Sharpsburg soils, in­
creasing in depth towards the bases of the slopes, but apparent 
iy at a slower rate on north slopes than on south slopes on the 
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Sharpsburg. Shape of slope, however, shows significant effects 
only on the Marshall, with greater surface soil depths on con­
cave -shaped slopes than on those that have a convex configura­
tion. 
The location of the sites apparently had little effect in 
the north-south direction on any soil. However, on the Mar­
shall, which was sampled over a wider area than the other two 
soils, there was a slight increase in surface soil depth in­
dicated in the direction of loess deposition. 
When the erosion losses of surface soil are compared 
among the soils in Figure 14, the differences appear to be 
quite small for the intermediate range of slopes. However, 
these regressions are based on data over the entire range of 
slopes within each soil, which ranged up to 29% for the Monona. 
Data points at the steeper slope ranges tended to flatten the 
regression curves shown, thus decreasing differences between 
the soils in the lower slope ranges. Due to this, the re­
gressions plotted for only that data in the 0-10% slope range 
for each soil (Figures 11, 12, and 13) were considered to fit 
the data in that range more closely, and thus give a more ac­
curate basis of comparison of the erosion among the soils in 
the lower slope ranges. 
Figure 15. Infiltration rates and soil loss rates during 90-minute simulated 
rainfall on Monona silt loam 
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Figure 16. Infiltration rates and soil loss rates during 90-minute simulated 
rainfall on Marshall silt loam 
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Figure 17. Infiltration rates and soil loss rates during 90-minute simulated 
rainfall on Sharpsburg silt loam 
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C. Indoor Rainfall Simulator Study 
1. Infiltration and runoff studies 
In order to evaluate the erodibility of the Monona, Mar­
shall and Sharpsburg soils under controlled conditions of rain­
fall amount, duration, and intensity, samples of each, collect­
ed from the field as described previously, were subjected to 
erosion conditions on the indoor rainfall simulator. Pairs 
of samples were randomly selected for each simulator run, in 
order to eliminate differences in results between soils due to 
slight differences in rainfall intensities between runs caused 
by variation in rainfall temperature and resulting differences 
in viscosity. 
Data from the runoff and sediment samples collected at 
the end of each 5-minute interval were used to calculate the 
infiltration and soil loss rates for each interval throughout 
each simulator run. Runoff was measured in milliliters, and 
soil loss in grams. By subtracting the volume of runoff from 
the total rainfall for a given interval, the net infiltration 
for that interval was calculated. Using appropriate conversion 
factors, the average infiltration rate in inches per hour, and 
the average soil loss rate in tons per acre per hour were then 
calculated for each time interval throughout each run. These 
infiltration and soil loss rates were averaged for each soil 
and are shown in Figures 15, 16; and 17» Table 26 in the Ap­
pendix presents the average infiltration and soil loss rates 
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for each soil by time intervals. 
The figures indicate a definite difference between the in­
filtration and soil loss rates on the Monona as compared to 
those of the Marshall and Sharpsburg soils. The infiltration 
rate decreased rapidly with time on all three soils, during the 
first portion of the rainfall period. The Monona soil (Figure 
15) showed a fairly rapid drop in infiltration rate during the 
first 30 to 40 minutes after the rainfall had started. The 
infiltration rate then began to level off and reached a fairly 
constant final infiltration rate of about 0.40 inches per hour 
after about 45 minutes. Accompanying this rapid decrease in 
infiltration rate on the Monona, was a rapid increase in soil 
loss rate. The erosion losses increased fairly rapidly at 
first to a peak of 3.06 tons per acre per hour at 15 to 20 
minutes after the start of rainfall. The soil loss rate then 
gradually decreased to a fairly constant rate of about 2.5 
tons per acre per hour after about 25 to 30 minutes. The final 
infiltration rate of 0.40 inches per hour found for the Monona 
in this study was somewhat higher than the final rate of about 
0.15 inches per hour found by Adams et_ al. (1958), and may have 
been due partially to the fairly high tension of 11 cm. of Hg 
maintained on the samples in this study, as well as differences 
in rainfall application. The shape of the soil loss curve 
however was quite similar to that found by Adams £t al. for the 
Monona, which became fairly constant after about 20 minutes. 
113 
The Marshall soil, while exhibiting similar relationships 
of infiltration and soil loss with time during the rainfall, 
differed markedly in magnitude from the Monona. As shown in 
Figure 16, the infiltration rate also dropped very rapidly at 
the beginning of the rainfall period. This drop was more 
rapid than that found on the Monona, reaching a lower constant 
infiltration rate of about 0.175 inches per hour after only 
about 25 to 30 minutes. This rate remained fairly steady 
throughout the remainder of the 90-minute rainfall period. In 
conjunction with the rapid drop in infiltration rate on the 
Marshall, there occurred a very rapid increase in soil loss 
rate immediately after the beginning of runoff. This increase 
in the soil loss rate was somewhat more rapid, and it increased 
to a significantly higher peak than on the Monona, reaching a 
rate of 5.41 tons per acre per hour during the 15 to 20 minute 
interval. The soil loss rate then gradually decreased during 
the rest of the first hour and finally became constant at about 
3.3 tons per acre per hour after about 65 minutes. The final 
infiltration rates found by Adams ejt al. (1958) on the Marshall 
agree closely with those in this study. They also found in­
filtration to become fairly constant after about the first 10 
to 15 minutes, although their rainfall periods lasted only for 
25 to 30 minutes. The final infiltration rate on the Marshall 
in this study also agrees fairly well with that found by Ber-
toni eib al. (1958). Using a graphical method to measure in­
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filtration rates on the Marshall soil from rainfall intensity 
and runoff rate data from plots at Clarinda, Iowa, they found 
an average final infiltration rate of 0.21 inches per hour. 
The infiltration and soil loss rate curves for the Sharps­
burg soil showed very similar characteristics to those of the 
Marshall. The infiltration rate again showed a very rapid de­
crease during the first 15 minutes. A final infiltration rate 
was reached fairly soon, becoming essentially constant after 
about 35 minutes. For the Sharpsburg, the final infiltration 
rate was approximately 0.18 inches per hour, very close to that 
of the Marshall. The soil loss rate for the Sharpsburg also 
increased very rapidly at first with the rapid decrease in the 
infiltration rate, and reached a peak soil loss rate of 5.04 
tons per acre per hour during the 15-20 minute interval. The 
Sharpsburg, however, displayed a secondary peak in soil loss 
during the 30-35 minute interval, increasing from 4.05 tons per 
acre per hour to 4.79 and back down to 4.06 tons per acre per 
hour. The soil loss rate for the Sharpsburg decreased gradually 
throughout the rest of the first hour, reaching a constant 
rate of about 3.3 tons per acre per hour after about 65 minutes, 
very similar to that of the Marshall. 
The phenomenon of secondary peaks and "waves" in the soil 
loss curve was noticeable to some extent during the individual 
simulator runs on all three soils, but was more pronounced on 
the Sharpsburg samples. Observations of the soil surface during 
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the rainfall period showed an early surge in the removal of 
loose soil material from the surface, shown by the first peak 
in the soil loss curve. As the larger aggregates and parti­
cles on the surface became more disintegrated by the impact of 
the raindrops, and other material was detached from the sur­
face, small amounts of soil were often observed to come off 
of the sample pan in small clumps. 
One possible explanation for the peaks or waves noticed 
in the soil loss curves may be the formation of rain wave-
trains as observed and discussed by Arend and Horton (1942). 
They noticed these wave-trains to occur especially in infiltro-
meter studies using high, constant rates of rainfall, and 
attributed these surges in runoff to successive building up 
and destruction of soil and debris dams as often occurs during 
cloudbursts. They also noted a reduction in infiltration to 
the final rate in an abnormally short time, and recommended 
using variable rainfall patterns with a gradual increase in 
rainfall intensity in simulator studies. The theory of rain 
wave-train formation was discussed mathematically by Horton in 
an earlier paper (1938), where he concluded that the abrupt 
fronts of the waves caused the alternate building and destruc­
tion of the debris dams with resulting increases in volume and 
velocity of runoff water. He stated that these waves could in­
crease erosional power by 5 times that of an equal volume of 
flow without waves. These waves were observed by Horton to be 
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associated with shallow flow and smooth, flat slopes, and to 
travel in fairly uniform intervals and at constant velocities, 
increasing in size as they traveled down-slope. 
The pronounced secondary peak in soil loss, noted es­
pecially on the Sharpsburg, may also be due in part to the 
filling of small surface depressions with water following the 
initial removal of loose surface material, with a subsequent 
overflowing of the runoff water causing a secondary surge in 
the removal of loose soil. 
In order to show more clearly the relative infiltration 
and soil loss rates of the three soils over the 90-minute 
rainfall period, the infiltration rate curves of all three 
soils are presented together in Figure 18, and their soil loss 
rate curves in Figure 19. As discussed previously, the in­
filtration rate curves for all three soils indicate a rapid 
decrease in infiltration rate at the early stages of the rain­
fall period. Undoubtedly, this rapid decrease in infiltration 
rate is largely influenced by the formation of a compact, dense 
surface seal due to the impact energy of the rainfall. This 
surface seal was observed to form on all three soils during 
the simulator runs. As found by many earlier workers, such 
as Musgrave and Free (1936), Wilson et al. (1947), and others, 
the infiltration rate is greatly affected on these soils by 
surface sealing due to the breakdown of the structure and 
clogging of pores in the immediate surface by dispersed fine 
Figure 18. Infiltration rate curves for the Monona, Marshall, and Sharpsburg 
samples 
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material detached by the impact of raindrops. 
The infiltration rate is initially governed by the maximum 
intake rate of the soil surface. As shown in this study, the 
dry soil absorbed all of the rainfall applied initially. Thus, 
the infiltration rate was equal to the rainfall rate at the 
very beginning of the simulator runs. As raindrop impact be­
gan to break down the structure of the surface, and the surface 
layer became saturated with water, the infiltration rates 
dropped and runoff and soil loss began. As rainfall continued, 
the soil became more saturated with water, and the surface 
seal became more completely formed, causing a gradual decrease 
in infiltration rates until a final constant rate was reached 
on each soil. 
As indicated in Figure 18, the infiltration rate decreased 
less rapidly on the Monona than on the Marshall or Sharpsburg. 
Also, the final constant infiltration rate was slightly higher 
for the Monona than for the other two soils. In order to test 
the significance of these differences, an analysis of variance 
was carried out for the total infiltration (in inches) over 
the 90-minute rainfall period for the three soils. As shown 
in Table 14, a significant difference in total infiltration 
among the three soils was shown. In order to detect which soils 
differed, a sequential range test was made on their individual 
means according to the method presented by Snedecor (1956, p. 
253). It was shown that Monona had a significantly higher av­
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erage total infiltration than either Marshall or Sharpsburg. 
The Marshall and Sharpsburg soils showed almost equal infil­
tration rates and total infiltration, as is indicated by the 
almost identical infiltration curves for the two soils. 
Table 14. Analysis of variance of total infiltration in inches 
on the Monona, Marshall, and Sharpsburg soils 
Source d.f. S.S. M.S. 
Soils 
Sites 
Samples 
2 
6 
9 
0.431 
0.153 
0.219 
0.215 
0.026 
0.024 
8.414* 
1.053 
Total 17 0.803 
Sequential range test of differences 
among soil means: 
Soil x x - 0.821 x - 0.875 
Monona 1.173 0.352* 0.298* 
(0.283) (0.226) 
Sharpsburg 0.875 0.054 
(0.226) 
Marshall 0.821 
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The higher rate of infiltration on the Monona resulted in 
less runoff, and consequently less soil loss than from the 
Marshall and Sharpsburg soils. The soil loss curves for the 
three soils, combined in Figure 19, reflect these differences. 
Once the surface had become fully saturated, surface depres-
sional storage filled, and the infiltration rate rapidly de­
creased by the effect of surface sealing, runoff began causing 
a rapid surge in soil loss on all three soils. After the loose 
and detached soil material initially on the surface was removed, 
causing the primary peak in the curve, the soil loss rate 
generally decreased at a gradual rate due to the compaction of 
the surface by the rainfall, thus decreasing the detachability 
of the soil particles. Except for the periodic "waves" in the 
soil loss curve, a final constant soil loss rate was generally 
reached by the end of the rainfall period. 
The Monona soil showed a markedly lower soil loss peak 
than the Marshall and Sharpsburg and remained at a lower con­
stant level throughout the simulator run. Marshall and Sharps­
burg were quite similar, showing almost identical soil loss 
curves, except for the more pronounced secondary peak on the 
Sharpsburg curve. An analysis of variance of the total tons 
per acre of soil loss throughout the 90-minute rainfall period, 
Table 15, again revealed significant differences among the 
three soils, with the Monona losing significantly less soil 
than either the Marshall or Sharpsburg. Again, there was no 
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significant difference between the Marshall and Sharpsburg in 
total soil loss. 
Table 15. Analysis of variance of total soil loss in tons per 
acre from the Monona, Marshall, and Sharpsburg soils 
Source d.f. S.S. M.S. F 
Soils 2 12.199 6.100 7.219* 
Sites 6 5.072 0.845 2.002 
Samples 9 3.802 0.422 
Total 17 21.074 
Sequential range test of differences 
among soil means: 
Soil X x - 3.475 x - 5.119 
Marshall 5.298 1.823* 0.179 
(1.629) (1.299) 
Sharpsburg 5.119 1.644* 
(1.299) 
Monona 3.475 
Monona has, therefore, shown a tendency for a higher in­
filtration rate, and consequently lower runoff and soil loss 
rates than either the Marshall or Sharpsburg, under the condi­
tions imposed by the rainfall simulator. In order to compare 
the erodibility of the three soils based on equal quantities 
of runoff, the ratio of tons per acre of soil loss to inches 
of runoff was calculated for each soil for each time interval 
throughout the 90-minute rainfall period. As shown in Figure 
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20, essentially the same relationships remain among the soils 
as was indicated by the total erosion and total infiltration 
data, with Monona showing somewhat less erosion per inch of 
runoff than Marshall or Sharpsburg. The average soil loss in 
tons per acre per inch of total runoff for the three soils was 
1.407, 1.735, and 1.801 for the Monona, Marshall, and Sharps­
burg, respectively, as shown in Table 27 in the Appendix. All 
three soils showed a higher erosion-runoff ratio at the be­
ginning of the rainfall when there was still loose material on 
the surface that was easily detachable. However, as the sur­
face became more compacted and less detachable, the soil loss-
runoff ratio gradually decreased. A constant ratio was finally 
reached for all three soils, with that of the Monona being 
reached sooner and at a lower level than for the Marshall or 
Sharpsburg. Therefore, less runoff was required to remove one 
ton per acre of soil on the Marshall and Sharpsburg than on 
the Monona. 
Also during the simulator runs, records were made of the 
times when runoff and percolation began, and of the total per­
colation during the first 60 minutes and the last 30 minutes, 
as recorded in Table 16. There were no great differences 
among the three soils in the time of initial runoff and per­
colation, although it appears from the table that runoff began 
slightly earlier on the Marshall, and percolation began a short 
interval sooner on the Sharpsburg. However, there was enough 
Figure 20. Ratio of soil loss in tons per acre to runoff in inches during a 90-
minute simulated rainfall, for the Monona, Marshall, and Sharpsburg 
soils 
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Table 16. Average time of initial runoff and percolation, and 
total amount of percolation during 90-minute simu­
lated rainfall period 
Soil Time of initial: Amount of total percolation 
Runoff Percolation During first During last 
(min.) (min.) 60 min.(ml.) 30 min.(ml.) 
Monona 10.01 25.52 265 354 
Marshall 9.51 24.26 130 114 
Sharpsburg 10.29 18.43 182 112 
variation in these times among simulator runs to make it dif­
ficult to draw any definite conclusions. The largest and most 
interesting difference among the soils shown in this table is 
the amount of percolation measured during the first 60 minutes 
and the last 30 minutes, as well as the total amount. A much 
greater amount of percolated water was measured for the Monona 
than for the other two soils in both time periods, being roughly 
double the percolate amount for Marshall and Sharpsburg in the 
first hour, and about triple in the last 30 minutes. This 
agrees with the higher infiltration rates found for the Monona 
earlier, and indicates a greater rate of movement of the water 
from the rainfall through the soil surface and soil body. In 
a study of percolation rates on loess soils and the factors in­
volved, McCalla (1944) found that compacting, pulverizing, 
puddling, reducing aggregate sizes, and sprinkling all reduced 
percolation rates on the Marshall. He found that when the ag­
gregates on the surface were broken down, even high organic 
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matter contents failed to have an effect on percolation rates. 
In his study, he found that after one hour there was 12.60 
inches per hour of percolation with a normal Marshall surface, 
1.60 inches per hour where the surface was puddled, and 0.00 
inches per hour where the top 6 inches were puddled. 
During the first hour, even though more water entered the 
surface of the soils, there was a lower percolation rate than 
during the last half hour. This is apparently due to the ab­
sorption of much of the infiltrate by the soil itself, causing 
an increase in the soil moisture content. As shown in Table 
17, the Monona seemed to have a more equal distribution of 
moisture throughout the depth of the sample following the simu­
lated rainfall than the Marshall and Sharpsburg, whose samples 
showed a somewhat larger decrease in moisture content with 
depth. This may have been due partially to the slower perco­
lation rates on the Marshall and Sharpsburg. 
Table 17. Soil moisture contents at various depths in soil 
samples after simulated rainfall 
Soil Average percent moisture by depths (in.) 
0-0.25 0.25-1.25 1.25-2.25 2.25-2.75 
Monona 32.63 33.96 31.92 30.09 
Marshall 34.07 32.94 29.88 26.50 
Sharpsburg 33.76 33.00 30.40 27.40 
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Air permeability measurements were made on the soil samples 
both before and after the simulated rainfall to measure, if 
possible, changes in the porosity and structure of the soils 
caused by the rainfall. Following the rainfall, measurements 
were made with the surface seal intact and with it removed in 
order to evaluate the effect of the surface seal on reducing 
the permeability of the soil. From these measurements, the air 
permeability expressed in square microns was calculated from 
the equation given by Grover (1955): 
K = Vn/t A PA 
in which K = air permeability (microns^), V = volume (cc.) of 
air forced through the soil in time t (sec.), n = viscosity of 
the air (poise), AP is the gauge pressure of the air (dynes/cm.^) 
in the air chamber, and A (cm.) is a constant depending on the 
air flow boundaries in the soil. 
Table 18. Air permeability at various depths in soil samples 
after simulated rainfall 
Soil Average air permeability (p 2) 
Dry soil before Wet soil after rainfall: 
rainfall Surface seal Surface seal 
intact removed 
Monona 
Marshall 
Sharpsburg 
59.85 
178.04 
165.35 
0.00 
0.28 
0.05 
5.62 
15.04 
8.75 
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The air permeability data, given in Table 18, shows a 
very definite decrease in the permeability of the soil surface 
caused by the formation of the surface seal. The order of 
permeabilities of both the wet and dry soils does not follow 
the percolation rates found, as Monona shows the lowest air 
permeability in both the wet and dry states. This may be due 
to the poorer state of aggregation of the Monona as sampled. 
All three soils, however, showed essentially zero air perme­
ability of the surface seal. The permeability of the soil be­
low the seal was approximately the same for all three soils, 
although the Marshall tended to show slightly higher permeabil­
ity in all cases. Because of variability among samples, no 
definite comparisons can be made among the soils, however the 
effect of surface sealing on permeability can clearly be seen 
from this data. Adams ejt al. (1958) found air permeability to 
be highly related to soil texture among the soils studied in 
his work, with the coarser-textured soils being more permeable. 
However, his measurements were made 1, 2, and 4 hours after the 
termination of the rainfall and indicated an increase in air 
permeability with time, with the coarser-textured soils approach­
ing the permeability at field capacity after about 24 hours. 
Aggregate analyses were made on the soil samples used in 
the rainfall simulator to determine both wet and dry aggregate 
size distribution and aggregate water stability. The results 
of the aggregate analyses for the 3 sites of each soil were 
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averaged and summarized to show the percentage of the aggregates 
falling in the 2.0-2.8, 2.8-4.8, and 4.8-8.0 mm. size fractions 
for the dry-sieving treatment, and the percentage in the 0-0.5, 
0.5-1.0, 1.0-2.0, 2.0-2.8, 2.8-4.8, and 4.8-8.0 mm. size frac­
tions after the wet-sieving treatment. Using the method of 
De Boodt et al. (1961) for expressing aggregate stability, the 
summation percentages of aggregates in each size class were 
calculated for each soil. The difference between the aggregate-
size distribution following the dry-sieving treatment and that 
following the wet-sieving treatment gives the change in mean-
weight -diameter (CMWD). The soils with less aggregate water-
stability, therefore, exhibit a greater change in mean-weight-
diameter value. Table 19 shows the percentage of aggregates 
from each soil of each size fraction both before and after wet-
sieving. Only the fraction of aggregates above 2.0 mm. in 
diameter for each sample were used, with the finer fractions 
being discarded, since, according to De Boodt e_t al. (1961), 
they cause great variation in the results. 
As shown in the table, the Monona had a smaller percentage 
of aggregates in the 4.8-8.0 mm. size fraction and larger per­
centages of aggregates in each of the size fractions of less 
than 2.0 mm. in diameter, than was found in either the Marshall 
or Sharpsburg following wet-sieving. This indicates that the 
aggregates in the Monona were less water-stable than in the 
Table 19. Percentage size distribution of aggregates following dry and wet sieving 
of samples of Monona, Marshall, and Sharpsburg 
Soils Percentage in each size class 
0- 0.5- 1.0- 2.0- 2.8- 4.8-
0.5 1.0 2.0 2.8 4.8 8.0 
mm. mm. mm. mm. mm. mm. 
Percent 
>2.0 
mm. 
CMWDa 
(mm. ) 
Monona 
Dry sieving -
Wet sieving 8.65 1.98 2.55 
Marshall 
Dry sieving -
Wet sieving 2.78 1.84 2.55 
Sharpsburg 
Dry sieving - -
26.43 
21.14 
23.68 
22.28 
37.14 
34.33 
35.79 
34.05 
36.43 
31.35 
40.53 
36.50 
23.37 36.18 40.45 
Wet sieving 3.95 1.38 2.05 19.82 34.77 38.03 
86.82  
92.83 
92.62 
4.836 
2.977 
2.656 
aCMWD = change in mean-weight-diameter 
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other two soils. This is further shown by the change in mean-
weight -diameter values calculated for each soil. These CMVffi 
values were 4.836, 2.977, and 2.656 mm. for the Monona, Mar­
shall, and Sharpsburg, respectively, again indicating less 
water-stability of the Monona aggregates. 
An increase in splash erosion and wash erosion was found 
to be significantly correlated with a decrease in percentage 
of water-stable aggregates greater than 2 mm. by Adams et. al. 
(1958) in a study of the erodibility of Iowa soils. The per­
centage of aggregates greater than 2 mm. was also shown by 
Schaller and Stockinger (1953) to be significantly correlated 
with the mean-weight-diameter of the aggregates in medium-tex­
tured soils. The total percentage of water-stable aggregates 
greater than 2.0 mm. shown in the table for the Monona was 
86.82% as compared to 92.83% for the Marshall, and 92.62% for 
the Sharpsburg. Therefore, the Monona was again shown by this 
criterion to have slightly less aggregate water-stability. 
The CMWD values appear to separate the Monona from the 
Marshall and Sharpsburg, but in a different direction than was 
expected from the soil loss, runoff, and infiltration data. 
Because all three soils were quite susceptible to surface seal­
ing, it is possible that the beating action of the raindrops on 
the immediate surface may have a more severe effect than the 
gentle action of the wet-sieving process, as was also consider­
ed by Adams ejt a]L. (1958). 
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Because of the apparent importance of the surface sealing 
on the erodibility of these three soils, the samples of the 
Monona and Sharpsburg soils which were allowed to dry and crack 
on the surface were again subjected to the simulated rainfall 
to test the effects of the crust and its cracks on infiltration 
and runoff. Prior to the rainfall run, observations and measure­
ments were made of the cracks formed in the crusts of the two 
soils. As shown in Plate 2, the surface of the Sharpsburg dis­
played more numerous and wider cracks, averaging from 5 to 8 cm. 
in width as compared to cracks of 3 to 5 cm. in width on the 
Monona. It might be expected, therefore, that the Sharpsburg 
would show a greater infiltration rate and longer time lag un­
til the start of runoff. However, as shown in Figures 21 and 
22, this was not the case. The cracks on the Sharpsburg were 
observed to swell shut fairly rapidly and the runoff began at 
only 1-1/2 minutes after the beginning of the rainfall. On 
the Monona, the cracks also began to close and fill up fairly 
soon and runoff began 2-1/4 minutes after rainfall started. On 
both soils, runoff and erosion increased rapidly as the in­
filtration rates dropped almost immediately with the closing of 
the cracks. Initially, both the infiltration and erosion rates 
approached the same approximate levels as at the end of the 
previous rainfall run. As the rainfall continued, both soils 
again showed constant infiltration rates, with that of the 
Monona being somewhat higher. The soil loss rate was also lower 
Plate 2. A. Surface crusts on Monona and Sharpsburg samples 
following drying period after simulated rainfall 
B. and C. Close-up views of surfaces of Sharpsburg 
and Monona showing cracks formed during drying 

Figure 21. Infiltration and soil loss rates on sample of Monona before and after 
formation of surface crust by simulated rainfall 
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Figure 22. Infiltration and soil loss rates on sample of Sharpsburg before and 
after formation of surface crust by simulated rainfall 
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on the Monona, but did indicate a slight upward trend as the 
rainfall continued. Total infiltration again was higher for 
the Monona at 0.570- inches as compared to 0.336 inches on the 
Sharpsburg. Total soil loss was 3.57 tons per acre on the 
Monona and 5.39 tons per acre from the Sharpsburg. 
After the 60-day drying period, the same samples were 
re-run with essentially the same results. The Monona then had 
a total infiltration rate of 1.194 inches and 4.10 tons per 
acre of soil loss, while the Sharpsburg showed 0.939 inches of 
infiltration and 5.61 tons per acre of total soil loss. On 
both runs the Monona had a higher rate of infiltration and 
less runoff and soil loss than the Sharpsburg, even though a 
surface crust was present. The Monona therefore, apparently 
has a somewhat more permeable surface layer even when compacted, 
and allows more infiltration with less soil loss and runoff. 
Because the aggregate stability of the Monona appears to be 
less than that of the Marshall and Sharpsburg, the textural 
differences apparently are related to the surface permeability 
and infiltration rates on the three soils. 
Particle size distribution analyses were made on samples 
of each soil used in the simulated rainfall study. In order to 
determine possible textural differences affecting the infil­
tration and erosion rates, the average percentages of sand, 
silt, and clay were determined for each 6-inch increment to a 
depth of 30 inches on each site sampled for the rainfall simu­
lator study. The average particle size distribution with depth 
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is shown for each soil in Table 20. A definite difference can 
be seen in the particle size distribution in the Monona as 
compared to the Marshall and Sharpsburg. The Monona shows a 
coarser-textured profile, with higher content of fine sand and 
silt, and lower clay content throughout. The Marshall and 
Sharpsburg appear very similar in texture, however the Sharps­
burg tends to be slightly heavier, with slightly lower fine 
sand and silt contents and somewhat higher clay content through­
out the profile. The textures of the three soils are shown, 
therefore, to follow the order of profile development with dis­
tance from the loess source, as shown previously. 
Table 20. Particle size distribution with depth for the Monona, 
Marshall, and Sharpsburg samples used in the rainfall 
simulator study 
Soil Depth 
% 
fine sand 
( >50 p) 
% 
silt 
(2-50/0 
% 
clay 
C^2 fO 
Monona 0—6 3.96 71.26 24.78 
6-12 3.58 69.54 26.88 
12-18 3.60 70.06 26.34 
18-24 3.55 71.76 24.69 
24-30 3.71 72.57 23.72 
Marshall 0—6 2.21 64.26 33.53 
6-12 2.12 62.75 35.13 
12-18 2.37 62.98 34.65 
18-24 2.44 64.06 33.50 
24-30 2.93 65.58 31.49 
Sharpsburg 0-6 2.25 64.25 33.50 
6-12 1.97 62.17 35.86 
12-18 1.88 60.53 37.59 
18-24 1.94 60.75 37.31 
24-30 1.76 61.55 36.69 
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The average distribution of less than 2 micron clay in 
the profile for each soil is shown in Figure 23, and also re­
flects the increase in clay content from the Monona to the 
Sharpsburg. Like the typical loess-derived soils of this re­
gion, fairly uniform clay distribution was found down through 
the profiles. However, there were horizons of maximum clay 
content found in each profile, with the amount of clay and the 
depth of this horizon in the profile increasing from the Monona 
to the Sharpsburg, as found by Hutton (1947) and Ulrich (1949). 
The maximum clay contents found in each horizon were 26.88%, 
35.13%, and 37.59% for the Monona, Marshall, and Sharpsburg, 
respectively. For the 0-6 inch layer which was used in the 
rainfall simulator runs, the clay content was 24.78% for the 
Monona, 33.53% for the Marshall, and 33.50% for the Sharpsburg. 
Therefore, the Monona had the lowest clay content, while the 
Marshall and Sharpsburg were almost equal in surface clay con­
tent. This lower surface clay content may have been an import­
ant factor in the higher infiltration and percolation rates and 
less soil loss found for the Monona. As shown by Ellison and 
Slater (1945), a high clay content is also important in the 
formation of dense surface seals which decrease infiltration 
of rainfall. Bulk density samples taken of the three soils at 
the time of sampling in the field showed average dry bulk 
densities as follows: Monona - 1.215 g./cm.^, Marshall -
1.295 g./cm.^, and Sharpsburg - 1.228 g./cm.~. This agrees 
Figure 23. Distribution of less 
depth in profiles of 
burg samples used in 
than 2.0 micron clay with 
Monona, Marshall, and Sharps-
rainfall simulator study 
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with the coarser texture indicated for the Monona by the clay 
contents. 
The data from this study indicate that the Monona, ap­
parently due partially to its higher infiltration capacity, 
has suffered less surface soil loss due to sheet erosion in 
the past and, as a soil, is less erodible than the Marshall and 
Sharpsburg. However, field observations show greater gully 
damage to have occurred on the Monona soils than either of the 
other two. It also apparently has a greater susceptibility to 
gully formation, as shown by the deep, vertically-shaped gullies 
formed on the Monona as compared to the shallower, V-shaped 
gullies formed on the Marshall and Sharpsburg. This may be 
due in part to the relatively uniform-textured profile of the 
Monona soils to great depth as compared to the heavier textural 
B-horizons found in the Marshall and Sharpsburg. Other fac­
tors, such as the topographic characteristics and features 
within each soil type may also have great importance. 
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V. SUMMARY 
Because of the increased emphasis on the development of 
a universal soil loss equation, more importance is presently 
being placed on research dealing with the factors involved in 
water erosion on various soils. Two important factors on which 
little information has been collected, other than limited data 
from various soil and water loss plots, are the slope and soil 
factors. The major purpose of this study was to obtain more 
precise measurements of the slope-erosion relationships on the 
loess-derived Monona, Marshall and Sharpsburg soils in south­
western Iowa. Because of the high erosion hazard on these 
soils, and due to the lack of field data on their slope-erosion 
relationships, it was decided to evaluate their relative credi­
bility from both field and laboratory data. 
The Marshall, Monona, and Sharpsburg soils are developed 
from loess which had as its source the wide Missouri River 
valley. Previous studies have shown that, due to fractional 
sorting by the wind during deposition and a longer "effective 
time of weathering", the soils increase in fineness of texture 
and in profile development with distance from the loess source. 
Thus, the Monona is the coarser-textured and least developed, 
while the Sharpsburg has the greatest profile development and 
finest texture of the three soils studied. 
The main objectives of this study were; to determine the 
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present surface soil depth-slope relationships on these three 
soils, to evaluate the use of organic carbon analysis as a 
means of determining surface soil depths from field samples, 
to determine the relative erosion which has occurred over time 
on the three soils due to cultivation, to study the slope 
characteristics affecting this erosion, and to determine their 
inherent credibility characteristics under controlled, simu­
lated rainfall conditions. 
A. Slope-Erosion Summary from Statistical 
Soil Survey Sample 
One large pool of unused data of the slope-erosion rela­
tionships on the Monona, Marshall, and Sharpsburg soils, axe 
the slope and degree of erosion classes recorded on soil maps. 
These maps indicate the degree of slope and estimated surface 
soil depth based on field oberrvations by soil surveyors. A 
2-percent statistical quarter-section soil survey sample of 
the Iowa soils was used to obtain a randomly-drawn sample from 
which representative slope-erosion summaries could be obtained 
for the three soils. The cropland mapped for each soil was 
summarized by slope groups and by erosion classes to determine 
the distribution within each soil. 
The summarized data showed that the percentage of severely-
eroded (Class 3 erosion) cropland increases with increasing 
slope on all three soils. Also, there were indications that 
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the soils differ in percentage of severely eroded land within 
a given slope group, with Monona showing the highest percentage 
of erosion and Sharpsburg the least. A weighted erosion index 
was calculated for the cropland falling in each slope group 
for each soil. This index shows the average degree of erosion 
per acre for the cropland falling in a given slope group. By 
comparing these weighted erosion indices, the relative degree 
of erosion or surface soil depths for the Monona, Marshall, and 
Sharpsburg could be determined. It was shown that the Monona 
showed the least surface soil depth in most slope groups. How­
ever, the differences among the three soils were very small, 
especially in the 5-9% slope group, and all three soils again 
were shown to decrease in surface soil depth with increasing 
slope. 
The disadvantage pointed out for the. use of soil map data 
for determining slope-erosion relationships is that only the 
present surface soil depths can be evaluated, and no definite 
measurement of erosion over time can be made without knowledge 
of the original surface soil depths on different slopes on each 
soil. Also, the broad range of surface soil depths represented 
by each erosion class used on soil maps makes accurate measure­
ments of surface soil depths difficult. 
B. Surface Soil Depth and Erosion Study 
In order to determine surface soil depths on the various 
slopes and soils more precisely than is possible using only 
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soil mapping data, the organic carbon content of cultivated 
field samples of each soil was used. Samples of the 0-6 and 
6-12 inch depths were collected from the randomly selected 
statistical soil survey quarter-sections using a stratified 
sampling technique to assure collecting samples from both ex­
tremes of the range of slopes found in the field on each soil. 
These samples were supplemented by samples from randomly-
located corn yield study sites in the area, for which profile 
descriptions and management and cropping histories were avail­
able. Besides determining the percent slope for each site 
sampled, information was also collected on such slope charac­
teristics as location on slope, aspect, and shape of slope. 
Organic carbon analyses made for each sample indicated a 
significant decrease in surface soil depth with increasing 
slope on each soil. The organic carbon content of the 6-12 
inch layer decreased more rapidly with slope than did that of 
the 0-6 inch layer, due to the addition of organic residues to 
the surface, and the encroachment of the 6-12 inch layer on the 
C-horizon on steeper slopes. The average organic carbon content 
of the 0-12 inch layer was used as the best estimate of surface 
soil depth. Surface soil depth was shown to be greatest on 
the Sharpsburg, with Marshall intermediate in depth, and Monona 
having the least surface soil present. However, regressions of 
percent organic carbon on slope indicated a greater rate of de­
crease of surface soil depth with slope in the same order, with 
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the 95% confidence belts showing the Sharpsburg to overlap 
with the Marshall organic carbon regression at about 7% slope, 
and the Marshall with the Monona at about 15% slope. 
In order to estimate the original surface soil depths, 
organic carbon analyses were run on the same depths of virgin 
samples of each soil collected in the field. It was found 
that Sharpsburg again showed the highest surface soil depth at 
any slope, but no significant difference was found in the rate 
of decrease of surface soil depth with increasing slope among 
the soils. By using the differences in organic carbon content 
between the cultivated and virgin samples with slope, an at­
tempt was made to measure past erosion. However, it was first 
necessary to correct for oxidation losses due to cultivation 
by using the percent difference in organic carbon in uneroded 
virgin and cultivated samples, 19.24%, as an oxidation correc­
tion factor for the cultivated samples. In order to measure 
the differences in organic carbon content as actual inches of 
surface soil loss, a graphical method was used. In this method 
the regression of organic carbon with slope on cultivated sam­
ples was superimposed on a family of virgin regressions showing 
organic carbon contents with depth in the virgin profile. This 
method showed greater erosion to have occurred on the Sharpsburg 
than on the Monona, but failed to show realistic erosion on the 
Marshall, apparently because of the abnormally high regression 
coefficient found for the organic carbon content on the Marshall 
virgin samples. 
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To eliminate the disadvantages of the surface organic 
carbon data as a measure of erosion, such as probable short-
term effects of crop residue addition, cropping systems, and 
oxidation losses, the depth in the profile to an arbitrary 
benchmark of 0.90% organic carbon was used to determine erosion 
losses. Using profile samples from both virgin and cultivated 
sites for each soil, differences in depth to 0.90% organic 
carbon between the virgin and cultivated samples with slope 
were used to measure erosion losses. Cultivated Sharpsburg 
and Marshall both showed curvilinear regressions of depth to 
0.90% organic carbon on slope, while the Monona regression was 
linear. By this method, Monona was again found to have had 
the least erosion losses, with the Sharpsburg intermediate , 
and the Marshall showing the greatest erosion in the lower 
slope range. These comparisons were made using only the data 
in the 0 to 10% slope range, since few Sharpsburg samples were 
found on slopes much steeper than 10 to 12%. 
A multiple regression analysis was made of the data over 
the entire slope range for each soil in order to determine the 
effects of other slope and site characteristics on surface soil 
depth. Data on slope aspect, position, shape, and site loca­
tion, as well as selected squared terms and interactions were 
punched on IBM cards and submitted to the Statistical Labora­
tory for calculation of the regression equations by a high-
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all the variates. By means of t-tests, non-significant or 
highly correlated variates were eliminated, leaving a Reduced 
Model for each soil containing only selected variates. These 
models were used to calculate the regression equations for each 
soil. 
For the Monona, only percent slope was found to have a 
significant effect on surface soil depth, as measured by depth 
to 0.90% organic carbon. A curvilinear effect of slope was 
found for the Marshall and Sharpsburg soils. Also, surface 
soil depth was found to increase on concave slopes, from tops 
to bottoms of slopes, and with location from west to east on 
the Marshall soils. On the Sharpsburg, both slope and position 
showed significant effects similar to the Marshall, as did the 
aspect (cosine) x position interaction, indicating a greater 
increase in surface soil depth at the bottoms of south slopes 
than on north slopes. 
C. Indoor Rainfall Simulator Study 
In order to compare the erodibility of the three soils 
under controlled conditions, samples were collected in the 
field and studied on an indoor rainfall simulator. Using a 
rainfall intensity of about 2.50 inches per hour on a 4% slope, 
data were collected at 5-minute intervals over a 9O-minute peri­
od on runoff, soil loss, infiltration, and percolation. These 
studies indicated consistently higher infiltration rates and 
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lower soil loss rates on the Monona than on the Marshall and 
Sharpsburg soils. Observations during the rainfall, along with 
air permeability data on the samples following the rainfall, 
showed the significant effect of the formation of a compact 
surface seal by raindrop impact on greatly decreasing infil­
tration rates. Although aggregate analyses indicated less 
water stability of the Monona aggregates, the surface seal on 
the Monona appeared to be more permeable to infiltration as 
shown by rainfall simulator runs on crusted and uncrusted 
Monona and Sharpsburg samples. More numerous and wider cracks 
were formed during drying of the surface on the Sharpsburg, 
but these closed rapidly following the re-application of rain­
fall, causing renewed soil loss and runoff. Higher clay con­
tents in the surface and profile of the Marshall and Sharps­
burg soils may cause the formation of a less permeable surface 
seal, resulting in higher soil loss than on the Monona. 
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VI. CONCLUSIONS 
1. Surface soil depth decreases with increasing slope on 
the cultivated Monona, Marshall, and Sharpsburg soils in south 
western Iowa. 
2. Present surface soil depth, as indicated by the or­
ganic carbon content of the 0-12 inch layer, is least on the 
Monona and greatest on the Sharpsburg in the gentler slope 
ranges, but tends to become equal at steeper slopes. 
3. Differences in the depths to 0.90% organic carbon in 
cultivated and virgin soil profiles appear to give a more re­
liable measurement of sheet erosion losses over time due to 
cultivation, than do the differences in the organic carbon con 
tent of the 0-12 inch layer. This method indicates less sheet 
erosion losses on the Monona over time than on the Marshall 
and Sharpsburg in the lower slope range. 
4. Slope position, aspect, and shape factors should also 
be considered in evaluating slope-erosion relationships on a 
given soil. 
5. Monona appears to be inherently less erodible than 
the Marshall or Sharpsburg due, in part, to a higher infiltra­
tion capacity. Surface sealing is pronounced on all three 
soils during rainfall and greatly reduces infiltration rates 
and increases erosion. 
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IX. APPENDIX 
Table 21. Descriptions of representative Monona, Marshall, 
and Sharpsburg profiles 
Monona Series 
1. Profile description: 
A^ 0-6" Very dark brown (10YR 2/2) silt loam; friable 
when moist ; fine granular structure ; slightly 
acid. 
A3 6-12" Very dark grayish-brown (10YR 3/2) silt loam; 
friatle when moist ; mainly grànular but some 
blocky structure; slightly acid. 
Bg 12-24" Mostly dark-brown (10YR 4/3) silt loam (con­
tains almost enough clay to be classed as 
light silty clay loam); some very dark grayish 
brown in upper part; friable when moist; in­
distinct fine blocky. structure; slightly acid. 
B3 24-36" Dark yellowish-brown and some dark-brown (101®. 
4/4 and 4/3) silt loam; friable when moist; 
indistinct fine blocky structure ; slightly to 
very slightly acid. 
C% 36-50" Mainly dark yellowish-brown and yellowish-
brown (10YR 4/4 and 5/4) silt loam; (the clay 
content lower than in the A^ layer); some 
light olive-gray and strong-brown mottles; 
friable when moist; structureless; neutral. 
II. Range in characteristics: The C horizons of the more 
sloping Monona soils lie at shallower depths than in this 
profile. The texture of the subsoil ranges from a coarse 
silt loam to a heavy silt loam; the depth to carbonates 
is somewhat variable, depending on relief and degree of 
erosion. (The Monona profile description was taken from 
the Soil Survey of Monona County, Iowa. U. S. Dept. of 
Agriculture, Soil Conservation Service. Soil Survey 
Series, 1952. No. 2. 1959) 
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Table 21. (Continued) 
Marshall Series 
I. Profile description: 
A^ 0-7" Very dark brown (10ÏR 2/1.5, moist) friable 
silt loam; weak, fine granular structure 
tending to moderate, very thin, platy 
structure; abundant plant roots, boundary 
gradual. 
A^B^ 7-11" Very dark gray to very dark grayish-brown 
(10YR 3/1.5, moist), friable, heavy silt 
loam; faint, gray (10YR 5/l, dry) coatings 
on peds; moderate, very fine, subangular 
blocky structure; abundant plant roots; 
boundary gradual. 
11-18" Dark-brown to dark yellowish-brown (10YR 
4/3.5, moist) and dark-brown (10YR 4/3, 
moist), friable silty clay loam; moderate, 
fine, subangular blocky structure; abundant 
roots; boundary gradual. 
B22 18-29" Dârk-brown (10YR 4/3, moist), friable silty 
clay loam; weak, fine, subangular blocky 
structure to massive; occasional roots; 
boundary diffuse. 
Ci 29-40" Dark-brown to brown (10YR 4.5/3, moist), 
friable silt loam; few, fine, distinct, 
grayish-brown (2.5Y 5/2, moist) mottles; 
massive; boundary diffuse. 
C2 40"* Dark-brown to dark yellowish-brown (10YR 
4/3.5, moist), friable silt loam; few, medium, 
distinct, grayish-brown (2.5Y 5/2, moist) 
mottles; massive; occasional root channels. 
II. Range in characteristics: The texture of the A^ horizon 
ranges from a light silty clay loam to heavy silt loam. 
The Marshall soils differ from the Monona soils mainly 
in the amount of clay in the B horizon, ranging in tex­
ture from light silty clay loam to medium silty clay 
loam. (The Marshall profile description was taken from 
the Soil Survey of Shelby County, Iowa. U. S. Dept. of 
Agriculture, Soil Conservation Service. Soil Survey 
Series 1956, No. 16, 1961.) 
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Table 21. (Continued) 
Sharpsburg Series 
I. Profile description: 
Alp 0-8" Very dark brown (10YR 2/2) light silty clay 
loam, dark gray (10YR 4/l) dry; weak fine 
granular structure; friable ; slightly acid; 
abrupt boundary. 
A12 8-11" Very dark brown (10YR 2/2) medium silty clay 
loam with small dark grayish brown (10YR 
4/2) pockets; weak very fine subangular 
blocky structure ; friable ; medium acid; 
gradual boundary. 
Bjl 11-17" Mixed very dark grayish brown (10YR 3/2), 
brown (10YR 4/3), and very dark brown (10YR 
2/2) medium silty clay loam; moderate very 
fine subangular blocky structure ; friable 
to firm; medium acid, gradual boundary. 
B21 17-24" Mixed dark brown (10YR 3/3), brown (10YR 4/3), 
and very dark gray (10YR 3/Ï) heavy silty 
clay loam; moderate very fine subangular 
blocky structure ; friable to firm; faint 
clay films on ped faces ; strongly acid; 
gradual boundary. 
B22 24-32" Brown (10YR 4/3) medium silty clay loam with 
few fine distinct strong brown (7.5 YR 4/6) 
and faint grayish brown (2.5Y 5/2) mottles; 
moderate fine subangular blocky structure ; 
friable to firm; distinct patchy clay films 
on péd faces; few fine dark oxide concretions ; 
strongly acid; gradual boundary. 
B3 32-44" Brown (10YR 4/3) medium silty clay loam with 
common fine and medium faint grayish brown 
(2.5Y 5/2) and few fine faint yellowish brown-
(10YR 5/6) mottles; weak medium subangular 
blocky structure; friable to firm; many very 
fine dark oxide concretions ; medium acid; 
gradual boundary. 
C^ 44-49" Yellowish brown (10YR 5/4) light silty clay 
loam with common fine and medium faint gray­
ish brown and yellowish brown mottles ; 
massive ; friable; many fine dark oxide con­
cretions ; medium acid; gradual boundary. 
Table 21. (Continued) 
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Sharpsburg (Continued) 
C 49-60" Grayish brown (2.5Y 5/2) light silty clay 
loam with common fine distinct brown (7.5YR 
4/4) mottles; massive; friable; many fine 
dark oxide concretions; slightly acid. 
II. Range in characteristics : Texture of the Ai horizon 
ranges from heavy silt loam to medium silty clay 
loam, and the color commonly ranges from black 
(10YR 2/1) to very dark grayish brown (10YR 3/2). 
The Ap horizon in eroded areas may have a chroma 
of 3. Thickness of the entire A% horizon ranges 
from 5 to 15 inches. Thickness of the B horizon 
is usually near 28 inches, with a range from 20 
to 35 inches. The reaction of the B horizon 
ranges from medium to strongly acid and available 
data indicate that base saturation increases 
from 70 percent in the upper part to 85 percent in 
the lower part. The clay maximum in the profile, 
ranging from about 36 to 42 percent, is commonly 
in the upper Bg horizon but may fall in the Bi 
horizon. The C horizon ranges in color value 
from 4 to 6, in texture from silt loam to light 
silty clay loam, and in reaction from slightly 
acid to neutral. Kneaded soil material from each 
horizon tends to become lighter in color than 
it is in place, with the increase in value 
usually less than one full step. Colors given 
are for moist conditions unless otherwise specified. 
(The Sharpsburg profile description was taken 
from the unpublished "Established Soil Series 
of the United States," National Cooperative Soil 
Survey, U. S. Dept. of Agriculture, Soil Conserva­
tion Service. 1961.) 
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Table 22. Organic carbon content, depth to 0.90% organic 
carbon, and site information for cultivated 
samples 
Depth Posi- Degree Depth of 
% org. to 0.9% Shape tion of A-hori-
Site C org. C Slope As- of on ero- zon 
no. (0-12") (in.) (%) pect slope3 slope3sionP (in.) 
Monona 
1 1.68 - 1 SW Cx T 0 -
2 1.65 20.0 1 sw Cx T 0 16 
3 1.81 - 1 E Cx T 0 28 
4 1.59 - 2 w Cx T 1 — 
5 1.65 - 2 NW Cx T 1 10 
6 1.78 23.3 2 S Cx T 2 
7 1.56 15.6 2 NNW Cx T 2 -
8 1.15 11.6 3 ssw Cx T 1 -
9 0.79 4.4 3 w Cx T 1 — 
10 1.74 19.3 3 NE Cx T 2 -
11 1.57 9.8 3 NW Cx T 1 9* 
12 1.44 - 3 NNW Cx T 1 -
13 1.22 12.2 4 NW Cx T 1 -
14 1.45 17.2 4 sw Cx T 1 -
15 1.24 9.2 4 E Cx T 1 -
16 1.27 10.0 4 SSW Cx T 1 
17 1.32 13.1 9 WSW Cx C 1 -
18 1.48 16.4 14 w St B 2 6* 
19 0.58 - 15 sw Cv B 3 6* 
20 1.49 - 6 w Cx B 1 — 
aShape of slope : Cx - convex, St - straight, Cv - concave. 
^Position on slope : T - top, C - center, B - bottom. 
cDegree of erosion (as designated by Soil Conservation 
Service soil scientists): 0 = (none) 14"+, 1 = (slight) 7-14", 
2 = (moderate) 3-7", and 3 = (severe) 0-3" topsoil remaining.. 
dValues marked with asterisks are depths actually measured 
for profile descriptions made by S.C.S. soil scientists ; other 
values are merely estimates made with a soil probe. Only those 
with asterisks were used in calculating correlation coefficients 
in this study. 
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Table 22. (Continued) 
Depth Posi- Degree Depth of 
% org. to 0.9% Shape tion of A-hori-
Site C org. C Slope As- of on ero- zon 
no. (0-12") (in.) (%) pect slope3 sloped sionc (in.)" 
Monona (Continued) 
21 1.40 16.3 6 ESE Cv C 1 -
22 1.20 10.8 6 ME Cx T 1 -
23 1.62 - 6 NW Cx T 1 -
24 0.93 6.3 6 WNW Cx T 1 -
25 1.07 7.8 6 SSW Cx T 2 -
26 0.83 5.0 7 SB Cv T 2 — 
27 1.24 11.0 7 NE Cx T 2 -
28 1.23 10.8 7 E Cx T 1 -
29 1.62 - 7 W Cx T 1 -
30 1.44 13.3 7 SE Cx T 1 — 
31 1.35 11.7 7 W Cx T 2 _ 
32 1.44 14.3 8 wsw Cx C 2 -
33 1.60 19.5 8 w Cv T 1 -
34 1.24 9.6 9 NE Cv B 2 — 
35 0.92 6.2 9 ssw Cx C 1 -
36 1.20 9.6 10 S Cx T 2 
37 1.09 8.0 10 NW Cx C 1 -
38 1.72 - 10 SW Cx B 2 -
39 0.80 5.0 10 NW St T 2 4* 
40 0.65 2.7 10 SW Cx C 2 -
41 0.64 2.7 11 NW Cx C 2 _ 
42 1.19 9.1 11 SE Cx C 2 -
43 1.48 21.0 11 SW Cx C 2 -
44 0.71 3.6 11 WNW Cx C 2 -
45 1.00 7.4 11 SE Cx C 2 -
46 1.18 8.6 11 SSW Cx B 2 
47 0.94 6.4 12 ESE Cv C 2 — 
48 1.31 22.0 12 SE Cv B 2 -
49 0.69 - 12 W Cv B 2 -
50 0.71 3.5 13 SE Cv C 3 -
51 1.81 13 S Cx B 2 — 
52 1.67 8.3 13 NE Cx B 1 -
53 1.02 7.2 14 ENE Cx T 2 -
54 0.44 - 15 SW Cx T 3 -
55 0.81 4.9 15 N Cx T 2 — 
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Table 22. (Continued) 
Depth Posi- Degree Depth of 
% org. to 0.9% Shape tion of A-hori-
Site C org. C Slope As- of on ero- zon 
no. (0-12") (in.) (%) pect slope3 slope" sionc (in.)d 
Monona (Continued) 
56 0.97 6.7 15 NE Cv C 2 -
57 0.93 6.8 16 E Cv C 2 -
58 0.80 - 16 SW Cv C 2 -
59 0.63 - 17 NE Cx B 3 -
60 0.72 3.3 18 NNW St C 2 2* 
61 1.01 7.4 15 W Cx T 2 8* 
62 0.69 3.3 18 E Cv B 2 -
63 0.37 - 15 N Cx C 3 6* 
64 0.62 2.4 23 E Cx C 3 -
65 0.53 - 29 ENE Cx C 3 -
66 1.83 14.2 3 NE Cx T 1 12* 
67 1.89 13.4 4 NW St T 1 9* 
68 1.49 12.4 5 N St T 1 10* 
69 1.52 13.1 5 SW Cx T 2 7* 
70 1.58 9.0 6 N Cx T 2 8* 
71 1.61 17.0 7 WSW Cx T 2 7* 
72 1.31 11.0 7 NE Cx C 2 8* 
73 1.53 22.9 7 SW St C 2 8* 
74 1.41 13.3 8 N St C 2 5* 
75 1.47 15.8 8 E St T 1 11* 
76 1.15 8.3 8 SW Cx T 2 7* 
77 1.64 16.4 8 NW St C 1 10* 
78 1.07 7.1 10 W Cx B 2 6* 
79 0.77 4.8 10 E Cx B 2 7* 
80 1.31 12.8 11 SW Cx C 2 10* 
81 0.96 5.6 11 WNW St C 3 4* 
82 1.47 14.7 12 WNW Cv B 2 10* 
83 1.18 8.2 12 S St B 2 5* 
84 1.05 6.9 13 NNW Cx C 2 7* 
85 0.73 4.4 13 ENE Cv C 2 5* 
86 0.71 3.8 14 NW St T 2 6* 
Table 22. (Continued) 
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Depth Posi- Degree Depth of 
% org. to 0.9% Shape tion of A-hori-
Site C org. C Slope As- of on ero- zon 
no. (0-12") (in.) (%) pect slope3 slope13 sionc (in.)d 
Marshall 
1 1.96 - 3 E Cx T 0 22* 
2 2.26 - 1 N Cv T 0 25 
3 2.05 - 1 SW Cx T 0 23 
4 1.99 23.7 1 NNE Cx T 0 -
5 1.96 22.0 1 W Cx T 0 -
6 1.97 25.8 2 N Cx B 1 18* 
7 1.54 - 2 NNE Cx T 2 4 
8 1.95 - 2 SSE. Cx T 1 17 
9 1.87 - 2 SE Cx T 1 11 
10 1.84 17.0 2 W Cx T 0 -
11 1.94 3 S Cv B 0 21* 
12 2.28 26.2 3 E Cx C 1 16* 
13 2.05 - 3 W Cv T 0 15 
14 1.88 22.6 3 NW Cx T 1 15 
15 1.90 21.7 4 E Cx B 0 14* 
16 0.97 7.5 4 W Cx T 1 8* 
17 1.66 17.9 4 S Cx T 1 15* 
18 1.12 8.2 4 E Cx T 3 7* 
19 1.51 13.4 4 WNW- Cx T 1 6 
20 1.37 10.9 5 SW Cx B 2 8* 
21 1.31 13.0 5 WSW Cx B 2 10* 
22 1.74 18.2 5 SE Cx T 1 7 
23 1.99 - 5 SW Cx T 1 16 
24 1.82 11.1 13 w Cx C 1 11* 
25 1.89 18.7 6 s Cx B 1 12* 
26 1.26 8.5 6 NW Cx C 2 7* 
27 1.04 7.8 6 sw Cx C 2 10 
28 1.79 19.6 6 s Cx T 1 5 
29 1.24 - 6 NNW Cx T 1 6 
30 1.84 — 6 E Cv T 2 10 
31 1.82 13.6 7 SSW Cx B 2 10* 
32 1.30 8.3 7 W Cx T 2 8* 
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Table 22. (Continued) 
Depth Posi­ Degree Depth of 
% org. to 0.9% Shape tion of A-hori­
Site C org. C Slope As­ of on ero- zon 
no. (0-12") (in.) (%) pect siopea slope^ sionc (in.)d 
Marshall (continued) 
34 1.34 10.0 7 NW Cx C 2 7* 
35 1.72 16.0 7 SW Cx C 2 8* 
36 1.16 7.5 8 SSW Cv C 2 7* 
37 1.69 16.8 8 w Cv T 2 8* 
38 1.40 11.0 8 sw Cx T 2 4 
39 0.95 6.5 8 NNE Cv T 2 4 
40 1.48 9.2 8 W Cx T 2 7 
41 1.71 8 sw Cx T 2 8 
42 1.52 11.9 8 W Cv T 2 4 
43 1.49 11.2 9 S Cx T 2 5 
44 1.31 11.7 9 NW Cx T 1 7 
45 1.60 16.8 9 NE Cv T 2 5 
46 0.98 6.6 9 SW Cx T 2 4 
47 1.30 10.5 10 S Cx B 2 9* 
48 1.22 11.0 10 SSW Cv T 3 10* 
49 1.69 9.4 10 N Cx T 2 8* 
50 1.84 16.1 11 W Cx C 1 14* 
51 1.44 14.2 11 W Cx T 1 7 
52 1.45 12.2 11 E Cx T 2 5 
53 1.43 19.1 11 SSE Cv T 2 4 
54 1.49 13.5 11 SSE Cv T 2 3 
55 1.02 7.3 12 S Cx T 2 5 
56 1.86 14.0 12 SE Cv T 1 6 
57 0.68 3.2 12 WNW Cv T 2 3 
58 1.61 21.3 12 NE Cv T 1 6 
59 1.70 20.0 12 S Cv T 1 6 
60 1.45 15.2 12 SE Cx T 2 2 
61 1.38 10.5 12 SW Cv T 2 4 
62 1.35 10.0 12 NE Cx T 2 5 
63 0.65 3.4 13 NE Cv T 2 1 
64 1.84 19.1 13 ESE Cx C 2 4 
65 0.55 .0.9 14 NNE Cv T 2 1 
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Table 22. (Continued) 
Depth Posi- Degree Depth of 
% org. to 0.9% Shape tion of A-hori-
Site C org. C Slope As- of on ero- zon 
no. (0-12") (in.) (%) pect slope3 slopeb sionc (in.)^ 
Marshall (continued) 
66 1.29 8.5 14 SE Cx T 1 4 
67 1.32 9.8 15 ESE Cx T 2 5 
68 0.84 5.4 18 ESE Cv T 2 1 
69 1.42 11.8 19 SE Cv T 1 5 
70 1.96 14.5 2 W Cx T 1 14* 
71 2.08 21.2 3 SE Cx T 1 11* 
72 2.32 18.8 3 W Cx T 1 13* 
73 1.69 14.0 8 S Cx C 1 12* 
74 1.78 22.5 9 E Cx C 1 15* 
75 2.00 16.1 11 W St T 1 13* 
76 1.81 18.1 11 NW Cx B 1 13* 
77 1.87 24.0 12 S Cx C 1 15* 
Sharpsburg 
1 2.16 24.5 1 WNW Cx T . 0 » 
2 2.15 - 2 W Cx T 1 8 
3 1.84 - 1 SSW Cx T 1 8 
4 2.29 - 1 NE Cx T 1 16 
5 2.51 - 1 SW Cv T 1 11 
6 1.98 1 S Cx T 1 10 
7 2.31 - 1 s Cx T 1 8 
8 2.25 24.2 2 N Cx T 19* 
9 2.32 - 2 wsw Cv T 1 13 
10 2.34 - 2 E Cv T 1 12 
11 2.11 2 NE Cv T 1 12 
12 1.74 - 2 sw Cx T 1 8 
13 2.30 25.2 2 E Cx T 0 -
14 2.23 27.9 2 NNW Cx T 0 -
15 1.67 14.6 5 E Cx T 2 • 10* 
16 1.99 27.2 3 S Cx B 1 19* 
17 1.79 19.2 3 NNE Cx T 1 8 
18 1.62 10.3 3 NE Cx T 1 6 
19 2.47 - 3 SW Cx T 2 13 
20 1 = 95 23-8 4 WSW Cv C 1 8 
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Table 22. (Continued) 
Depth Posi­ Degree Depth of 
% org. to 0.9% Shape tion of A-hori-
Site C org. C Slope As­ of on ero­ zon 
no. (0-12") (in.) (%) pect slope3 slopeb sion0 (in.)d 
Sharpsburg (Continued) 
21 2.35 18.6 5 S Cx T 1 14* 
22 1.71 15.4 5 NE Cx T 1 4 
23 1.56 16.2 5 ESE Cv T 2 3 
24 1.85 13.0 5 S Cx T 2 4 
25 1.37 11.6 6 NE Cx T 2 6* 
26 1.73 12.8 6 S Cx T 1 6 
27 1.25 12.9 6 N Cx T 2 5 
28 2.56 - 6 SSE Cx T 2 14 
29 1.86 16.6 6 NNW Cv T 2 6 
30 1.90 12.5 6 SE Cx T 2 4 
31 1.85 18.8 6 SE Cx T 2 4 
32 1.81 13.0 6 NE Cv T 2 7 
33 1.56 11.0 6 E Cv T 1 6 
34 1.72 15.6 7 NE Cx C 1 15* 
35 1.68 10.9 7 WNW Cv T 2 3 
36 1.77 20.3 7 SE Cx T 3 4 
37 1.60 18.3 8 SE Cx C 1 14* 
38 1.73 11.9 8 NW Cx B 1 10* 
39 1.55 15.6 8 E Cv T 1 6 
40 1.13 8.3 8 SW Cv T 2 2 
41 0.98 6.7 8 NNW Cv C 2 2 
42 1.81 13.6 8 SW Cv T 2 8 
43 1.84 15.9 8 NE. Cx T 2 6 
44 1.95 21.7 8 NE Cx T 2 5 
45 1.47 14.9 9 SW Cx C 2 8* 
46 1.51 9.6 9 NE Cv T 2 3 
47 ' 1.27 9.9 9 SSE Cv T 2 2 
48 1.38 10.4 9 SE Cx T 2 2 
49 1.73 13.3 9 SW Cx T 2 6 
50 1.98 19.7 9 sw Cv T 3 7 
51 1.61 13.3 9 sw Cv T 3 7 
52 2.04 - 10 N Cv T 2 5 
53 2.11 20.6 10 SE Cx T 2 5 
54 2.09 - lu ENE Cv T 2 3 
55 1.09 7.7 11 ESE Cv T 2 1 
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Table 22. (Continued) 
Depth Posi- Degree Depth of 
% org. to 0.9% Shape tion of A-hori-
Site C org. C Slope As- of on ero- zon 
no. (0-12") (in.) (%) pect slope3, slopeb sionc (in.)d 
Sharpsburg (Continued) 
56 1.96 15.6 11 E Cx T 2 4 
57 1.26 8.7 13 SSE Cx T 2 1 
58 1.75 16.7 3 NE Cx T 2 11* 
59 1.98 19.7 3 N Cx B 0 16* 
60 2.26 24.8 3 N Cx T 1 17* 
61 2.01 21.0 4 SW Cx T 1 18* 
62 1.68 12.0 4 NE Cx T 1 11* 
63 1.43 12.4 6 WSW Cx T 2 10* 
64 1.39 11.8- 6 N Cx T 2 6* 
65 1.60 15.9 8 S Cx C 2 11* 
66 1.86 20.2 8 S Cx T 2 15* 
67 1.73 16.8 9 ESE Cv B 1 15* 
68 1.29 13.4 10 E Cx B 3 5* 
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Table 23. Site locations and management information for cul­
tivated samples 
Site Location Dis­ Cons. Crop­
no. Qtr. Sec. Twp. Range Cor- tance3 pract.b ping 
N W ner (ft.) history^ 
E-W N-S 
Monona 
1 NW 32 81 41 NW 609 180 U-D O-Sg-Om-C 
2 SW 8 75 42 SW 800 150 C C 
3 SE 4 75 42 SW 1100 125 C C 
4 NE 23 75 42 NW P47a59 C(13), C-C-O-C 
T(3) 
5 NW 17 75 42 NW 900 300 C C 
6 NW 4 79 43 SW 700 1150 CT C-C-Om-Sg 
7 NW 28 78 43 NE 1100 150 CT C —C—M—M 
8 NW 30 77 42 SE P9a60 CL(1) M—M—0—C 
9 SE 13 81 42 NE H10a60 U-D Sb —Wh—O —C 
10 SW 5 81 39 SW S4a60 U-D M—C-C-Om 
11 SW 7 89 45 SE 511 127 C(18) C —C —C-Cm 
12 SW 7 89 45 SE W4a60 C(17 ) C-M-M-M 
13 Ni 10 77 43 SW P4a60 CL(14), M—M-O-C 
T(10) 
14 SW 20 79 42 SW 774 320 CT(23), C-M-M-C 
L(8) 
15 sw 9 88 46 NE W20a60 U-D M-M-O-C 
16 NE 5 76 42 SE 450 1200 CL(14) C-C-M-M 
17 SW 14 78 43 SE H50a59 C(6) C-Om-C-C 
18 sw 20 88 43 SW W30-59 C(2) C-C-M-M 
19 SE 26 83 41 SW 132 150 C(24) C—M—M—O 
20 NE 29 80 43 sw H22a60 CL (2) C—M—M—M 
aSite code numbers are used in place of distances for 
Conservation Corn Yield Study sites. For locations of these 
sites, refer to 1959 and I960 Field Schedules, Project 1377, 
Agronomy Department, Iowa State University. 
^Conservation practices: U-D - up-and-down hill planting; 
C - contour surface planting; CL - contour listing; CT - con­
tour surface planting and terraces; CLT - contour listing and 
terraces. Numbers in parentheses denote years practice in use, 
if information available. 
cMost recent crop listed first, followed in order by pre­
ceding crops, if information available. Abbreviations : C-corn, 
Sb-soybeans, Sg-sorghum, O-oats, Cm-oats with legume catch-
crop, M-meadow, Wh-wheat, Br-Barley, and Gr-grass. 
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Table 23. (Continued) 
Site Location Dis- Cons. Crop-
no. Qtr. Sec. Tvep. Range Cor- tancea pract." ping 
N W ner (ft.) history0 
E-W N-S 
Monona 
21 SE 30 80 41 NE H28a60 C(7), C-O-Sg—Om 
T(6) 
22 SW 27 79 44 SW H36a60 CL(8) Om-Sg-M-M 
23 NE 27 84 43 NW M29f60 CL(14) C—M-O—C 
24 NE 32 89 43 NE W12a60 U-D C-Gr-C-C 
25 SE 26 88 42 SE W34b60 U-D Om—Ç-C-C 
26 NE 26 77 43 SE P6a59 C(l) C-Sg-O-C 
27 SW 16 77 42 SE P8b59 CT(14), Om—C—Om—C 
L(l) 
28 NE 15 80 43 NE H21a60 CLT(9) M-O-Sg-Om 
29 NE 27 79 42 NE 256 165 CT(3) C-O-Sg-Om 
30 SE 20 78 41 NW H56a60 U-D Om—C—C—M 
31 NE 35 82 40 SE C51a60 C(4) C—Cm—C—Om 
32 SE 30 80 41 SE H28b60 U-D Om—C—0—C 
33 SW 20 79 42 NE H38a60 CT(24), M—0—C—Om 
L(9) 
34 SW 27 79 44 SW H36b59 CL(7) M-O-C-C 
35 sw 14 78 43 SE H50aô0 C(6) C—Oni-C—C 
36 sw 8 81 42 SE H9b60 U-D C—Om—C—C 
37 SE 1 81 41 NE H14a60 C(26), C—M—M—M 
T(7) 
38 SW 9 80 39 SE S16d60 U-D O-C-Om-C 
39 SE 2 87 43 NE 160 925 C(8) C—C-C-Om 
40 SW 5 75 40 SW P52a59 C(2), Sg—M-M-M 
CL(1) 
41 sw 16 77 41 SE Pllb63 CT(1) M—0—C—C 
42 NW 7 70 40 NW P34b6 0 U-D M—M-O-C 
43 SE 32 83 39 SW C39a60 C(ll) M-O-C-M 
44 NE 35 82 40 SE C51b60 C(4) C—Om—C™Om 
45 NE 35 82 40 NE C51c60 C(4) M-O-C-Om 
46 SE 26 88 42 SE W34a60 U-D Om-C-C-C 
47 SW 24 77 43 NW P5a59 C(14) M—M—M-O 
48 NE 26 77 43 SE P6b59 C(l) C-Sg-O-C 
49 NE 34 74 41 NE P69a60 CL(21), 
7i' -, f;x: 
Wh-Wh-Wh-C 
50 NE 19 80 40 SE S14b6 0 
J. N. JLvy 
U-D Orch.gr 
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Table 23. (Continued) 
Site Location Dis-• Cons. Crop­
no. Qtr. Sec . Twp. Range Cor­ tanceapract.D ping 
N W ner (ft. ) history1. 
E-W N-S 
Monona 
51 SW 9 80 39 SE S16c60 U-D O-C-Om-C 
52 SE 17 85 42 SE M15a60 U-D C—On—C—C 
53 SW 32 76 40 SW P36c60 CL(1), M-M-M-O 
T(4) . 
54 KB 11 77 44 NW Pla60 CL(l) C—C—M—O 
55 NW 30 77 42 SE P9c60 CL(1) M—M—C—C 
56 SB 9 88 42 NE W32b60 C(l) M-M—M—M 
57 NE 34 74 41 NE P69b60 CT(8) Wh-Wh-Wh-C 
58 NW 28 79 40 SW S27a60 U-D Om—C—M—0 
59 SB 4 81 40 SW Slb59 CT(4) 0—C—Om—C 
60 SB 27 87 43 NW 609 545 C(7), C—M—M—O 
L(2) 
61 NE 11 82 41 SE 154 374 C(13), C-C-M-0 
T(6) 
62 SE. 14 82 42 SW M56c60 CL(9) C —Om—C—Om 
63 SW 7 83 40 SE 344 145 U-D C—Om—C—M 
64 NE 27 79 42 NW H39a60 U-D Om-C-Om-C 
65 SE 26 83 41 NW C33b60 C(29), C—M—M—Om 
L(l) 
66 NE 15 88 42 NE 300 460 C(20) C-C-M-M 
67 SW 7 89 45 SE 511 227 C(18) C—C—C—Om 
68 NW 16 89 46 NE 470 300 C(7) C-C-C-Om 
69 NW 31 89 46 SE W3--59 C(ll) C-C-M-0 
70 SW 1 86 44 SE 240 620 U-D C-C-Om-C 
71 NW 35 85 40 NE 237 661 U-D C-C—M—0 
72 NW 25 88 44 SW 385 725 C(18) C—Om—C—Om 
73 NW 11 88 43 SW 315 804 C(9) C-Om-C-0 
74 NE 32 89 43 SE 235 428 CT(6) C-M-Br-C 
75 SW 9 88 46 SW 927 300 U-D C-Om-C—M 
76 SE 17 87 42 NE 381 400 C(2) C-C-M—M 
77 NW 29 87 42 SW 425 250 U-D C-C-C-C 
78 SE 3 83 41 SE. 791 355 U-D C-M-O-C 
79 SE 36 86 42 NE 101 237 U-D C-M-O-C 
80 SE 18 85 41 SE 165 501 C(2) C-Om-C-M 
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Table 23. (Continued) 
Site 
no. 
Location Dis-
Qtr. Sec. Twp. Range Cor- tancea 
N W ner (ft.) 
Cons, 
pract. 
E-W N-S 
Monona 
82 SW 33 88 46 NE W22-60 
83 NW 25 88 43 SW 1025 1120 
84 SB 24 84 41 SW 550 608 
85 SE 22 87 44 SW 448 150 
86 SE 20 82 39 SE 360 225 
Marshall 
1 NW 13 76 37 SE 330 81 
2 NE 35 76 39 NE 140 1130 
3 SE 21 77 38 SE 1220 220 
4 NW 31 76 38 SW - -
5 NE 21 75 38 NW - -
6 SE 8 84 40 NE 225 942 
7 NE 5 75 38 NE 275 650 
8 NW 13 75 36 SW 500 500 
9 NW 34 77 37 NE 1220 70 
10 SE 3 77 37 NE - -
11 SE 5 82 40 SW 450 1120 
12 SE 26 74 37 NE 999 350 
13 NE 35 76 39 NE 570 1150 
14 SW 1 76 36 SW 410 1010 
15 NE 33 84 38 SW 100 350 
16 SW 2 77 36 SW 490 358 
17 SW 36 77 36 NE 935 143 
18 SE 13 75 37 SE 400 111 
19 SE 9 75 36 NW 440 970 
20 NW 1 84 40 NE 180 250 
21 SE 34 82 38 NE 406 1322 
22 NW 13 75 36 SW 600 350 
23 NW 34 77 37 NW 1110 70 
24 NE 3 77 37 SW 1192 120 
25 NE 5 84 37 SW 365 590 
Crop­
ping 
history1 
U-D 
U-D 
C 
C 
CT(1), 
L(12) 
U-D 
C 
U-D 
U-D 
C(13) 
C(3) 
C(19), 
T(17) 
C 
C(12) 
U-D 
C 
U-D 
C(l) 
C-Om-C-Om 
C—M—M—0 
C—Om—C—Cm 
C-O-C-Om 
C-Om-C-Om 
C-C-C-C 
C 
C-O-M-C 
C-C-M-Om 
C—C —Om—C 
C-C-M-M 
C 
c 
M 
C-C-M-M 
C—C—Om—C 
C-C-C-C 
c 
c 
C-C-C-Sg 
C-C-M-0 
C—C—M—0 
C-C-C-M 
C 
C—M—O—C 
C-C—M—0 
C 
M 
C-M-M-M 
C-C-M-0 
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Table 23. (Continued) 
Site Location Dis- Cons. Crop-
no. Qtr. Sec. Twp. Range Cor- tance3 pract.b ping 
N W ner (ft.) history0 
E-W N-S 
Marshall 
26 SE 14 82 37 SW 130 490 U-D C—C—M—0 
27 SW 21 76 38 SW 260 720 C C 
28 SE 13 77 36 SE 160 1290 - M-M 
29 NE 2 74 37 NE 120 410 U-D C 
30 SE 28 76 37 NE 330 700 C C 
31 NW 20 85 38 SW 269 864 C(23), C-C-C-M 
L(4) 
32 SE 20 82 39 SE 550 270 U-D C—M—0—C 
33 NE 27 75 37 NE 1036 1125 C(3) C-C-C-M 
34 SE 9 75 36 SW 205 529 U-D C-C—0—C 
35 NE 2 74 37 SE 923 636 U-D . C-M-O-C 
36 SE 33 85 37 SW 1089 335 U-D C-C-Sb-0 
37 NW 29 84 37 NW 338 745 U-D C-C-M-0 
38 SE 33 74 38 SE 120 400 C C 
39 SE 7 74 39 SW 680 1130 C C 
40 NW 13 75 - 36 SW 300 500 c C 
41 SW 1 76 36 NW 170 1150 c C 
42 SW 1 76 36 SW 270 890 c C 
43 NE 5 75 38 NE 300 675 c C 
44 SE 13 77 36 NW 1230 190 c C 
45 NE 2 74 37 NE 170 260 U-D C 
46 SE 28 76 37 NE 420 810 C C 
47 SW 20 85 40 SE 628 251 C (5) C-C-M-0 
48 NW 35 85 38 NE 369 88 C(4) C—M—0—C 
49 NE 12 84 39 SE 100 1078 C(3) C—C—C—Gr 
50 NE 3 76 37 SE 131 147 CL(6) C-C-C-C 
51 SE 9 75 36 NW 600 890 c c 
52 NW 13 75 36 • SW 800 400 C c 
53 SE 13 77 36 NW 790 760 C c 
54 SW 18 77 35 NW 130 1050 U-D c 
55 NE 5 75 38 NE 475 700 C c 
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Table 23. (Continued) 
Site Location Dis- Cons. Crop-
no. Qtr. Sec. Twp. Range Cor- tance3 pract.b ping 
N W ner (ft.) history0 
E-W N-S 
Marshall 
56 SW 24 77 39 SW 110 300 - M-O-C 
57 SE 7 74 39 SW 910 1280 C C 
58 SE 9 75 36 NW 280 1060 CT C 
59 SE 13 77 36 SE 160 1100 - M-M 
60 SE 13 77 36 NW 980 660 C C 
61 NW 34 77 37 NW 920 80 M 
62 SW 34 74 38 SE 260 330 C C 
63 NE 24 76 39 NE 80 420 - M 
64 SE 28 76 37 SE 80 320 C C 
65 SE 7 74 39 SW 600 1280 C C 
66 SW 24 77 39 NW 300 720 M—0—C 
67 SE 28 76 37 NE 100 750 C C 
68 NE 24 76 39 NE 80 160 - M 
69 SW 24 77 39 NW 360 900 - M-O-C 
70 NW 34 77 37 NW 790 941 U-D C-M-O-C 
71 NW 13 77 37 NW 1200 100 C(12) C-C-M-M 
72 NE 26 76 36 SW 540 846 C(18) C—C—M—M 
73 NE 28 83 37 NW 578 100 C(l) C—M—0—C 
74 NE 14 75 36 SE 180 1070 C(14) C—C—M—O 
75 NE 2 75 35 NW 200 900 U-D C-M-O-C 
76 SE 26 74 36 SW 1085 100 C(12), C-Om-C—C 
L(ll) 
77 SW 1 76 36 SE 235 766 C(18) C—M—M—M 
Sharpsburg 
1 NW 31 76 30 NW — C C-C-M-0 
2 NE 8 74 32 NW 285 350 U-D C 
3 SW 28 77 33 SW 780 440 - M 
4 SE 17 77 30 SE 890 280 - Om 
5 NE 2 77 30 SW 400 340 C C 
6 SE 23 74 30 SE 230 1240 U-D C 
7 NE 25 75 31 NW 1020 570 - Om 
8 NE 25 74 35 NW 757 384 C(8) C-C-C-Om 
9 NW 23 77 33 NE 1110 610 U-D r» 
10 NE 25 75 31 NE 1240 290 - Om-C-M 
184 
Table 23. (Continued) 
Site Location Dis- Cons. Crop-
no. Qtr. Sec. Twp. Range Cor- tance3 pract.*5 ping 
N W ner (ft.) history0 
E-W N-S 
Sharpsburg 
11 NW 2 75 31 NW 1225 630 — Om 
12 NE 33 75 32 SE 190 180 - M 
13 NW 9 74 31 SW - - C C-C—M-O 
14 NW 4 74 32 NE - - C C-C-M-M 
15 SE 2 72 33 NE 620 425 U-D C-Sb-C-C 
16 NE 4 72 32 SW 1062 540 U-D C-C-M-0 
17 NW 19 76 33 NW 1165 170 C C 
18 SE 17 77 32 SW 80 70 C C 
19 SE 13 76 30 SE 200 530 U-D Sb 
20 SE 17 77 32 SE 80 840 U-D C 
21 NE 21 72 33 NW 782 550 U-D C—C—M—O 
22 NE 5 77 33 NE 1200 835 - M 
23 NE 2 77 30 NE 190 250 - M 
24 SE 23 74 30 SE 230 1060 U-D C 
25 SW 8 72 35 NE 138 243 C(16) C-C—M—0 
26 NW 19 76 33 NW 210 100 C C 
27 NW 23 77 33 NW 150 1065 - Om 
28 SE 20 74 32 SE. 1090 290 U-D Sb 
29 NE 8 74 32 NW 640 470 U-D C 
30 NE 25 75 31 NE 1100 470 - O-C-M 
31 SE 17 77 30 SE 630 280 Om 
32 SE 13 76 30 SW 1250 530 U-D C 
33 SE 20 76 30 NE 440 750 - M 
34 NW 14 74 35 NE 557 419 C(14) C-C—M-O 
35 SE 20 74 32 NE 830 750 C C 
36 SW 32 77 30 SE 1010 370 M 
37 NE 25 75 34 SW 742 461 C(16), C-M-O-C 
T(4) 
38 SE 14 74 34 NE 573 158 U-D C—C—M—O 
39 NW 19 76 33 NE 1165 465 C C 
40 NW 23 77 33 NW 740 515 U-D C 
41 NW 23 77 33 NW 420 1080 — Om 
42 NE 33 75 32 SE 250 70 - M 
43 SE 17 77 30 NE 820 365 C C 
44 SE 17 77 30 NE 870 200 C C 
45 NW 14 76 34 SE 93 319 U-D C-C-C-M 
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Table 23. (Continued) 
Site Location Dis- Cons. Crop-
no. Qtr. Sec. Twp. Range Cor- tancea pract.b ping 
N W ner (ft.) history0 
E-W N-S 
Sharpsburg 
46 SE 17 77 32 SW 135 200 C C 
47 SE 17 77 32 NE 50 370 CT Om 
48 SE 17 77 32 NE 140 760 CT Om 
49 NW 2 75 31 NW 75 700 U-D C 
50 SW 32 77 30 SE 700 140 - M 
51 SW 32 77 30 SE 590 50 M 
52 NE 5 77 33 NE 1200 520 - M 
53 NW 28 77 33 SE 360 540 C C 
54 NE 5 77 33 NE 470 510 - M 
55 NE 8 74 32 NW 400 200 C C 
56 NW 28 77 33 SE 425 925 c C 
57 NW 28 77 33 SW 400 160 - M 
58 SW 4 73 35 SE 912 504 CT(ll) C—M—0—C 
59 NW 6 72 34 SW 1062 540 U-D C-M-O-Sb 
60 NW 16 72 32 NE 635 355 U-D C—M—0—C 
61 NE 26 75 35 SW 614 782 C(l) C—M—M—M 
62 SE 1 75 34 NE 125 1169 C(ll) C-M—M—M 
63 NW 12 73 34 SW 328 826 C(10) C-M-O-C 
64 SE 30 71 34 SW 180 240 U-D C-M-O-C 
65 SE 13 72 35 SE 766 117 U-D C—Om—C—C 
66 NW 16 73 35 SE 1093 1001 C(14) C-C-M-0 
67 NE 33 73 32 NW 1105 1173 C(l) C—C-M—0 
68 NE 14 75 35 NW 495 100 C(25), C—C—C—Om 
T(18) 
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Table 24. Organic carbon content, depth to 0.90% organic car­
bon, and site information for virgin samples 
Depth 
% org. to 0.90% 
Site % C org.C Location and site information 
no. slope (0-12") (in.) 
Monona 
1 1 2.09 - SEi,SEt,Sec.2,T75N,R43W (N aspect, 
convex, top of ridge. Roadcut, W 
side of hwy. 64). 
2 1 2.04 13.0 370»N,555*E of S center Sec. 18,T80N, 
R42W. (Timber with bluegrass). 
3 2 2.50 - SE t,NE t, Sec. 33, T79N,R43W (SSE as­
pect, convex, top of ridge. Road-
cut, E side county road at corner). 
4 2 2.60 - SEi,SEf,Sec.6, T77N,R42W. (SSW as­
pect, convex, top of ridge. Old 
schoolyard). 
5 2 2.36 24.3 SWf,SEt, Sec.18, T80N, R42W. (ENE 
aspect, convex, top of ridge. Road-
cut, N side opposite old cemetery). 
6 2 2.37 28.9 SE^-,SE^,Sec.36, T80N, R43W. (WNW 
aspect, convex, top of ridge. Old 
schoolyard, N side of road). 
7 2 1.97 20.2 475'S, 2O'W of NE corner, SW$,SW$, 
Sec. 7, T80N,R42W. (Convex. Blue-
grass and buckbrush). 
8 3 2.33 17.4 NWi,NE$,Sec.22, T79N,R43W. (SW as­
pect, convex, top of ridge. Road-
cut, S side county road). 
9 6 2.44 15.6 SW$,SW$,Sec.25,T75N, R43W. (SW as­
pect, convex, top f of slope. Road-
cut, S side hwy. 6). 
10 6 2.13 16.0 SE i, SE t, Sec. 2, T75N, R43W. (SSW as­
pect, convex, top of slope. Road-
cut, W side hwy. 64). 
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Table 24. (Continued) 
Depth 
% org. to 0.90% 
Site % C org. C Location and site information 
no. slope (0-12") (in.) 
Monona 
11 7 2.10 11.6 750'E, 310'N of S center Sec. 18, 
T80N, R42W. (SE aspect, convex. 
Bluegrass and timber) • 
12 7 2.19 12.3 475'S, 530*W of NE corner, SEf,SWt, 
Sec.5, T79N,R43W. (NE aspect,-convex. 
Blue grass and timber). 
13 8 1.73 12.1 SWf,SWi, Sec. 25, T75N, R43W. 
(SSW aspect, convex, top of ridge. 
Roadcut, S side hwy. 6). 
14 8 2.04 16.2 SWt,NWf,Sec. 4, T76N,R42W. (NE 
aspect, convex, top j- of slope. 
Adj. to old cemetery, E side of 
road). 
15 13 1.79 11.2 SWf,SWt,Sec. 25, T75N, R43W (SW 
aspect, convex, top §• of slope. 
Roadcut, S side hwy. 6). 
16 13 2.03 16.0 NWf,NWf, Sec. 15, T75N, R43W. 
(ESE aspect, convex, center of slope. 
Roadcut, W side hwy. 64). 
17 15 2.09 12.8 SWt,SEi, Sec. 16, T75N, R42W (NE 
aspect, concave, center of slope. 
Roadcut, N side hwy. 6). 
18 15 1.94 11.0 425'N, 212'E of S center of Sec. 
18, T80N, R42W. (W aspect, convex. 
Young timber). 
19 15 2.19 11.3 370*E of NW corner, SEi,SWf, Sec.5, 
T79N, R43W. (NE aspect, convex. 
Grass and timber). 
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Table 24. (Continued) 
% org. Depth 
C to 0.90% 
Site % (0-12") orS* C Location and site information 
no. slope VV~-L* y (in.) 
Marshall 
1 1 2.01 - SEt,SWf, Sec. 6, T75N, R39W. (SE 
aspect, concave, top of slope. 
Roadcut, N side hwy. 6). 
2 1 2.30 30.4 NEf,NEf, Sec. 28, T77N, R38W. (SSE 
aspect4 convex? top of ridge. Road­
cut, S side hwy. 83). 
3 2 2.07 - NEi,NEf, Sec. 27, T77N, R38W. 
(ESE aspect, concave, top i* of slope. 
Roadcut, S side hwy. 83). 
4 2 1.96 - NEf.NEf, Sec. 14, T77N, R39W. 
(WSW aspect, convex, top of slope. 
Roadcut, S side hwy 83). 
5 2 2.90 26.0 593'S, 162*E of NWf,NWt, Sec. 24, 
T77N, R37W. (SSE aspect, convex, 
top of ridge. Schoolyard). 
6 2 2.50 26.6 NE-f,SE-f, Sec. 16, T74N, R39W. 
(WNW aspect, convex. Schoolyard). 
7 3 1.40 16.1 SWi.SWf, Sec. 11, T77N, R39W. 
, (SE aspect, convex. Roadcut, N 
side hwy. 83). 
8 3 2.23 14.0 NWt,NWf, Sec. 7, T75N, R38W. (S as­
pect, convex, top of ridge. Road­
cut, S side hwy 6). 
9 3 2.40 27.2 SWt,SE$, Sec. 6, T75N, R39W. (SSW 
aspect, convex, top of ridge. E of 
schoolyard, N side of hwy 6). 
10 6 1.56 17.3 NEi,NEi, Sec. 27, T77N, R38W. (W 
aspect, convex, top §• of slope. 
Roadcut, S side hwy. 83). 
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Table 24. (Continued) 
% org. 
Site % C 
no. slope (0-12") 
Depth 
to 0.90% 
org. C Location and site information 
(in. ) 
Marshall 
11 7 2.41 
12 8 
13 9 
1.84 
1.54 
14 10 1.62 
15 10 1.78 
16 12 1.77 
17. 15 1.27 
18 15 1.49 
Sharpsburg 
1 1 2.81 
2 1 2.45 
16.5 
12.1 
11.0 
12.7 
13.7 
8 .8  
9.5 
28.1 
NWi>NEt, Sec. 17, T77N, R38W. (WNW 
aspect, convex, top of slope. 
Railroad cut, S side). 
SE it SE it Sec. 23, T77N, R38W. (WNW 
aspect, concave, top % of slope. 
Roadcut, N side hwy. 83). 
NE$,NE$, Sec. 27, T77N, R38W. (W as­
pect, concave, center of slope. 
Roadcut, S side hwy. 83). 
NWt,NEf, Sec. 10, T75N, R37W. (E as­
pect, convex, top i* of slope. Road­
cut, S side hwy. 6). 
NEi,NEf, Sec. 7, T75N, R39W. (NE 
aspect, convex, center of slope. 
Roadcut, S side hwy. 6). 
(NW SEf,SWt, Sec. 6, T75N, R38W. 
aspect, convex, top i* of slope 
Roadcut, N side hwy. 6). 
NEf,NEt, Sec. 7, T75N," R39W. (NE 
aspect, convex, center of slope. 
Roadcut, S side hwy. 6). 
NEt,NEf, Sec. 7, T75N, R39W. (NW 
aspect, convex, center of slope. 
Roadcut, S side hwy. 6). 
1 mi. W of Fontanelle (Adair Co.) 
(ENE aspect, convex, top of flat 
ridge. Railroad cut, S side). 
SEt,SEt, Sec. 14, T73N, R35W. (S 
aspect, concave, flat ridge. School­
yard) . 
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Table 24. (Continued) 
Site 
no. 
% 
slope 
% org. 
C 
(0-12") 
Depth 
to 0.90% 
org. C Location and site information 
(in.) 
Sharpsburg 
3 2 2. 43 240*W,370'S of ME corner, NWf, Sec. 
8, T74N, R32W. (NW aspect, convex, 
top of slope. Bluegrass and brush). 
4 2 2. 64 20. 8 SWf,SWt, Sec. 15, T76N, R32W. (NW 
aspect, convex.. Schoolyard). 
5 2 3. 32 27. 3 SEtiNEf, Sec. 23, T75N, R32W. (NE 
aspect, convex, top of ridge. Road-
cut adj. to schoolyard. NW corner 
of intersection). 
6 3 2. 88 29. 2 SWi,SWi, Sec. 15, T77N, R31W. (SW 
aspect, concave. Schoolyard). 
7 5 2. 55 3 mi. SW of Fontanelle (Adair Co.). 
(ESE aspect, convex, top of slope. 
Railroad cut, E side). 
8 7 3. 10 16. 1 1 mi. W of Fontanelle (Adair Co.). 
(E aspect, concave, top §• of slope. 
Railroad cut, S side). 
9 7 2. 14 11. 6 260*W, 200*S of HE corner, NW%-, 
Sec. 8, T74N, R32W. (NE aspect, 
convex, top ^ of slope. Bluegrass 
and brush). 
10 8 2. 34 18. 4 2 mi. SW of Fontanelle (Adair Co.). 
(S aspect, concave, bottom § of 
slope. Railroad cut, S side). 
11 10 2. 59 20. 7 1 mi. SW of Fontanelle (Adair Co.). 
(SW aspect, concave, top j- of slope. 
Roadcut, N side county road). 
12 10 2. 44 15. 0 1 mi. W of Greenfield (Adair Co.). 
(NNW aspect, concave, top £ of slope 
Roadcut, N side hwy. 92). 
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Table 24. (Continued) 
Depth 
% org. to 0.90% 
Site % C org. C Location and site information 
no. slope (0-12") (in.) 
Sharpsburg 
13 10 2.14 12.3 320'W, 34O'S of NE corner, NWt, Sec. 
8, T74N, R32W. (NW aspect, convex, 
top j- of slope. Bluegrass and brush), 
14 15 2.18 11.3 240fW, HO'S of NE corner, NWt, Sec. 
8, T74N, R32W. (NE aspect, convex, 
top i of slope. Bluegrass and brush), 
Table 25. Organic carbon contents of uneroded virgin profiles 
Soil Depth Organic carbon contents of individual profiles 
(in.) •<%,) 
Sharps-
(*5) (*6) burg (*2) (*4). (Av.) 
0-3 3.06 3.45 4.27 3.51 3.57 
3-6 2.38 2.92 3.70 2.71 2.93 
6-9 2.31 2.36 2.76 2.67 2.53 
9-12 2.03 1.82 2.56 2.63 2.26 
12-15 1.64 1.63 2.07 2.51 1.96 
15-18 1.37 1.44 1.93 2.18 1.73 
18-24 1.18 0.89 1.43 1.57 1.27 
24-30 0.81 0.60 0.93 1.08 0.86 
Marshall 0*2) (*5) (*6) (*9) (Av.) 
0-3 2.56 4.36 2.82 3.16 3.23 
3-6 2.46 2.69 2.74 2.44 2.58 
6-9 2.36 2.42 2.34 2.09 2.30 
9-12 2.14 2.13 2.09 1.91 2.07 
12-15 1.92 1.88 1.77 1.87 1.86 
15-18 1.84 1.61 1.63 1.65 1.68 
18-24 1.47 1.14 1.30 1.28 1.30 
24-30 1.11 0.85 0.87 0.91 0.94 
Monona 
(*2) (*5) C*6) C*7) (Av.) 
0-3 3.52 3.53 3.06 2.27 3.09 
3-6 2=53 2.06 2.45 2.07 2.28 
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Table 25. (Continued) 
Soil Depth Organic carbon contents of individual profiles 
Monona C*2) C*5) (*%) (*7) (Av.) 
6*9 1.86 2.00 1.83 1.87 1.89 
9-12 1.53 1.90 1.14 1.66 1.56 
12-15 1.26 1.54 0.88 1.36 1.26 
15-18 1.22 1.46 0.79 1.06 1.13 
18-24 1.02 1.26 0.67 0.87 0.95 
24-30 0.81 0.99 0.54 0.62 0.74 
Table 26. Average infiltration, runoff, and soil loss rates by time intervals through­
out simulated rainfall runs 
Monona 
Time Infilt. Runoff 
(min.) 
Marshall Sharpsburg 
Soil loss Infilt. kunoff Soil loss Infilt. Runott Soil loss 
(in./hr.) (T./A./hr.) (in./hr.) (T./A./hr*) (in./hr.) (T./A./hr. ) 
0-Roa 2.54 - 0.00 2.56 - 0.00 2.53 - 0.00 
Ro-15 1.96 0.58 1.94 1.52 1.04 2.84 1.52 1.01 2.97 
15-20 1.14 1.41 3.06 0.52 2.05 5.41 0.51 2.02 5.04 
20-25 0.85 1.69 2.89 0.35 2.21 4.86 0.42 2.10 4.79 
25-30 0.73 1.82 2.62 0.27 2.29 4.64 0.34 2.19 4.05 
30-35 0.62 1.92 2.62 0.23 2.33 4.31 0.28 2.25 4.81 
35-40 0.55 1.99 2.49 0.21 2.35 4.15 0.24 2.28 4.06 
40-45 0.52 2.02 2.39 0.21 2.36 3.84 0.24 2.29 4.04 
45-50 0.48 2.06 2.54 0.18 2.38 3.74 0.22 2.30 3.86 
50-55 0.45 2.09 2.42 0.19 2.37 3.64 0.19 2.34 3.66 
55-60 0.43 2.11 2.40 0.19 2.37 3.51 0.19 2.34 3.61 
60-65 0.42 2.12 2.31 0.16 2.40 3.35 0.16 2.37 3.68 
65-70 0.41 2.13 2.27 0.19 2.38 3.33 0.19 2.34 3.44 
70-75 0.40 2.14 2.30 0.17 2.39 3.35 0.18 2.34 3.50 
75-80 0.40 2.14 2.51 0.16 2.40 3.34 0.17 2.36 3.45 
80-85 0.39 2.15 2.28 0.16 2.40 3.32 0.17 2.36 3.30 
85-90 0.39 2.16 2.28 0.18 2.38 3.24 0.18 2.35 3.35 
aRo designates average time of initial runoff, and equals 10.18 minutes for 
Monona, 9.44 minutes for Marshall, and 10.29 minutes for Sharpsburg. 
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Table 27. Ratios of soil loss to runoff by time intervals 
during simulated rainfall period 
Time Ratio of soil loss (T./A.) to runoff (in.) 
(min.) Monona Marshall Sharpsburg 
0-R0a 
V15 15-20 3.34 2.73 2.93 2.18 2.64 2.49 
20-25 1.71 2.20 2.28 
25-30 1.44 2.03 1.85 
30-35 1.36 1.85 2.14 
35-40 1.25 1.77 1.78 
40-45 1.18 1.63 1.76 
43-50 1-23 1.57 1.68 
50-55 1.16 1.53 1.56 
55-60 1.14 1.48 1.54 
60-65 1.09 1.39 1.56 
65-70 1.07 1.40 1.47 
70-75 1.07 1.40 1.49 
75-80 1.17 1.39 1.46 
80-85 1.06 1.38 1.40 
85-90 1.06 1.36 1.43 
Rç designates average time of initial runoff, and equals 
10.18 minutes for Monona, 9.44 minutes for Marshall, and 10.29 
minutes for Sharpsburg. 
